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FROM: James A. Kearley, Groundwater Services, Inc.

RE: Evaluation of Bedrock Transport Characteristics
Sauget Area 1, Sauget, lllinois

Introduction

This memorandum provides an evaluation of bedrock transport characteristics at Sauget
Area 1 based on findings from the following sources: i) published studies of geology and
groundwater occurrence in the American Bottoms region; ii) results of detailed field
examination of rock cores collected during drilling of bedrock wells BR-G, BR-H, and
BR-I; iii) results of thin section analysis of selected rock core samples from BR-G, BR-H,
and BR-I; iv) results of a downhole survey at BR-I using several geophysical logging
tools; and v) other observations at BR-l and a nearby piezometer, A1-19.

An earlier version of this memorandum was submitted to USEPA as part of Response to
March 2005 USEPA Comments on the DNAPL Characterization and Remediation Study,
Sauget Area 1 Sites Groundwater Services, Inc., (GSI), May 27, 2005. The
memorandum has been revised to include additional data from BR-l and A1-19.

Background Information

The alluvial aquifer underlying the Sauget Area 1 sites consists primarily of silt, sand,
and gravel and has a variable thickness ranging from approximately 105 to 116 feet,
based on boring logs from piezometers installed in 2004 and 2005 during the DNAPL
characterization and remediation study. Groundwater is present within the alluvial
aquifer starting at a depth of approximately 15 to 20 ft below ground surface (bgs). The
alluvial aquifer is underlain by limestone and dolomite bedrock.

Information from Published Studies Regarding Bedrock

Bedrock data from oil wells and oil test holes in the region indicate that the alluvial
deposits in the American Bottoms are underlain by consolidated sedimentary rocks over
3800 feet thick, predominantly limestone and dolomite, with some sandstone and shale
(Bergstrom and Walker, 1956). The bedrock immediately underlying the alluvial
deposits in the American Bottoms is reported to be of Mississippian or Pennsylvanian
age.

Bedrock has apparently never been an important source of water in the American
Bottoms. Bergstrom and Walker, 1956 state that “no groundwater supplies are being
withdrawn from bedrock formations in the American Bottoms...” and that water in the
deeper bedrock is commonly too highly mineralized for use, “particularly at depths
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greater than 370 to 420 feet below ground level on the flood plain...” A groundwater
development report for the East St. Louis area prepared by the lllinois State Water
Survey (Schicht, 1965) states that “because of the low permeability of the bedrock
formations and poor water quality with depth, the rocks do not constitute an important
aquifer in the area.”

The lllinois Department of Natural Resources developed an American Bottoms regional
model for groundwater flow in the alluvial aquifer (Clark, 1997), and one of the
assumptions used in this model is that leakage from the underlying bedrock is negligible.
“There is an insufficient pressure head difference to cause significant flow between the
valley fill and the indurated carbonate rocks. This assumption allows treating the bottom
of the valley fill as a zero flow boundary.” (Clark, 1997)

Results of Field Examination of Rock Cores from BR-G, BR-H, and BR-

Three bedrock wells (BR-G, BR-H, and BR-I) were drilled and installed at Sauget Area 1
in the spring of 2000 to obtain data regarding bedrock properties and to collect
groundwater samples from the bedrock. Attachment A-1 contains the pages from the
Field Sampling Report that provide detailed description of field procedures, including
core examination procedures (O’Brien & Gere, 2000, Volume 2 of 9, pp. 125 to 138).

Mud rotary drilling methods were used to drill the boreholes for BR-G, BR-H, and BR-I.
At each boring, a series of telescoping PVC casings was installed, with the innermost 4-
inch diameter PVC casing extending from the ground surface to a depth of
approximately five feet into the top of bedrock. Bedrock coring was then conducted
beneath the 4-inch diameter casing to a depth of approximately 20 feet into competent
bedrock using wireline coring barrels to generate a minimum 2-inch diameter core. The
rock borehole below the 4-inch diameter PVC casing was left uncased. Groundwater
samples were collected from the three bedrock wells using a Grundfos RediFlow pump.

Bedrock core samples were described by the field engineer on rock classification
worksheets. Descriptions included the following properties: color, rock quality, porosity,
beds, thickness, contact, foliation, joints, weathering, surface, hardness, texture, grain
shape, sorting, mineral components, and rock classification. Tables A-1, A-2, and A-3
present a compilation of rock classification data for cores from borings BR-G, BR-H, and
BR-I, respectively. Attachment A-2 includes the handwritten rock classification
worksheets prepared by the field engineer during drilling (O’'Brien & Gere, 2000, Volume
2 of 9, pp. 145A-1 to 145A-75). For evaluating transport characteristics of the bedrock,
the most significant of the descriptive properties are rock quality designation, porosity,
joints, and weathering.

Rock Quality Designation: At BR-G, rock quality was described as excellent and/or
massive from 112 to 122 ft bgs, and fair (i.e., moderately fractured) from 122 to 131.5 ft
bgs. At BR-H, rock quality was described as poor (i.e., highly fractured) from 111 to
112.5 ft bgs, and excellent and/or massive from 112.5 to 132 ft bgs. At BR-I, rock quality
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was described as poor from 116 to 118 ft bgs, and sand was encountered from 118 to
120.5 ft bgs. Rotary drilling was resumed to reset the 4-inch diameter PVC well casing
to a depth of approximately 124.75 ft bgs. Rock coring was then resumed, and rock
quality was described as excellent and/or massive from 126.5 to 146.9 ft bgs.

The only locations with poor (i.e., highly fractured) rock were in the uppermost portions
of the boreholes at BR-H and BR-I. This suggests that fluid transport in the bedrock may
occur primarily in the weathered and fractured portion of the bedrock, immediately below
the base of the alluvial aquifer.

Porosity: Rock porosity was generally described as “none” based on visual examination
of the cores in the field. The rock classification worksheets do not indicate the presence
of large pores, vugs, or solution cavities in the cores.

Joints and Weathering: Joints observed in individual core pieces were typically
described as fine to very fine lines, sutures, or fractures, and were frequently observed
to be clay-filled. Most were horizontal or sub-horizontal, but vertical or near-vertical
joints were observed in some cores. Weathering or slight weathering was commonly
noted on the surfaces at the top and/or bottom of the individual core pieces. A single
core from BR-G, collected from 116.5 to 117 ft bgs, exhibited possible evidence of
DNAPL. This core was reported to have a vertical fracture that was “slightly stained”
with a “sweet odor.” No evidence of DNAPL was noted in any other rock cores from
BR-G, BR-H or BR-I.

Results of Thin Section Analysis of Samples from BR-G, BR-H, and BR-I

A total of thirty rock samples, ten from each borehole, were submitted to American
Petrographic Services, Inc. (APS) of St. Paul, Minnesota, for thin section evaluation
under a petrographic microscope. Attachment A-3 contains copies of the APS reports,
which include thin section photographs (O’Brien & Gere, 2000, Volume 2 of 9, pp. 147A-
1 to 147A-21). As summarized on Table A-4, all the rock samples examined by APS
were determined to be limestone, dolomitic limestone, or dolomite. The thin sections
were evaluated by APS for relative porosity, and, as described below, most samples
were described as having low or moderate-low porosity, which is generally consistent
with the visual observations made by the field engineer during rock classification.

Eighteen of the thirty rock samples evaluated were described as having low or
moderate-low porosity (see Table A-4), and these samples were generally characterized
as “dense” or “well cemented.” Six rock samples had moderate porosity, with stylolites
or dolomitized zones observed to be present. The six samples that were described as
having high porosity were observed to have stylolites (two samples from BR-G), to be
“dolomitized throughout” (two samples from BR-H), or to have “large cavities throughout”
or “many lg. pores in dolomitized areas” (two samples from BR-I).

Evaluation of Bedrock Transport Characteristics DNAPL Characterization Study
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Although thin section analysis did indicate several samples with high relative porosity,
these samples do not appear to be representative of the rock mass as a whole. As
discussed above, the rock classification worksheets prepared by the field engineer give
no indication of the presence of large pores, vugs, and/or solution cavities in any of the
bedrock cores.

Results of Downhole Geophysical Surveys at BR-l

On October 5, 2005, Colog conducted the following downhole surveys in BR-I: optical
televiewer, acoustic televiewer, three-arm caliper, fluid temperature/conductivity, and
video. Key findings of the Colog survey were as follows:

Well Construction: BR-l has a 4-inch diameter PVC casing to 124.75 ft bgs and an
open borehole from 124.75 ft bgs to total depth of 146.9 ft bgs (see Figure 5). The
interior diameter of the PVC casing is approximately 3.5 inches, and the diameter of
the open borehole in the bedrock is approximately 2.5 inches.

Well Integrity: Due to the presence of an oil substance starting at approximately
114.5 ft bgs, the bottom of the PVC casing could not be observed directly using the
optical televiewer or video camera. However, the integrity of the inside of the PVC
casing below 114.5 ft bgs appeared to be sound based on the acoustic televiewer
and caliper logs. Variations in borehole diameter observed below the casing
between 124.75 ft and 126.6 ft bgs could be due to changes in lithology (i.e., harder
or softer layers of rock), the presence of closely spaced fractures in this interval,
and/or some degree of drilling washout immediately below the casing.

Fractures: Within the open-hole portion of the well, a total of 42 acoustic features
were observed at depths between 125.2 ft bgs and 144.4 ft bgs. These acoustic
features were ranked from 1 to 5 based on a ranking system developed by USGS.
Of the 42 acoustic features observed in BR-I, there were 13 features with a rank of
3 (i.e., distinct feature with open aperture). There was one feature, at a depth of
approximately 137.1 ft bgs, with a rank of 4 (i.e., very distinct, wide possible
interconnected fracture), and this feature was also observed on the caliper log.

DNAPL in BR-I: At the time of the Colog survey, the top of DNAPL appeared to be
present at a depth of approximately 114.5 ft bgs, based on optical televiewer data
and an observed change in fluid conductivity.

Flow in Open-Hole Section of BR-I: There was minimal variation in fluid
temperature in the open-hole section of BR-I, which suggests that flow is unlikely in
the open-hole section under static conditions.

Evaluation of Bedrock Transport Characteristics DNAPL Characterization Study
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Origin of DNAPL in BR-I

The upper few feet of the bedrock is weathered. Pooled DNAPL is present in A1-19,
which is located 15 feet from BR-lI and is screened across the interface between the
alluvial aquifer and the weathered bedrock (see Figure 5). The upper end of the open
borehole at BR-I begins only a few feet below the apparent base of weathered bedrock.
Although some acoustic features (i.e., fractures) were observed in the open borehole of
BR-I, recovery tests indicate that the well yield of BR-1 is low, at approximately 0.05 gpm.
Based on these findings, the most likely explanation for the presence of DNAPL in BR-I
is that the open borehole at BR-I is acting as a sump for accumulation of DNAPL that
enters from the overlying alluvial aquifer and/or the upper few feet of weathered bedrock.
Although the acoustic televiewer and caliper logs for BR-I did not show evidence of
damage to the interior of the PVC casing, it is possible that some DNAPL could be
entering the open borehole by leakage through the seal between the PVC well casing
and the bedrock that the casing is seated in.

Evaluation of Transport Characteristics of the Bedrock

Published reports indicate that bedrock underlying the American Bottoms is not
considered an important aquifer because of low permeability and poor water quality with
depth (Schicht, 1965), and that there is an insufficient pressure head difference to cause
significant flow between the alluvial aquifer and the underlying bedrock (Clark, 1997).

Results of rock core examination suggest that the upper few feet of bedrock underlying
the alluvial aquifer are highly fractured. Below the weathered zone, bedrock at BR-H
and BR-l is typically massive with few fractures. Bedrock at BR-G is massive in the
upper ten feet (112-122 ft bgs) but was described as fair (moderately fractured) in the
lower ten feet (122-131.5 ft bgs). Large pores, vugs, and/or solution cavities are not
prevalent in the bedrock. There is some evidence of joints and weathering surfaces,
although the joints were typically described as fine to very fine lines or sutures, and were
often noted to be clay-filled.

Some acoustic features (i.e., fractures) were observed in the open borehole of BR-I, but
recovery tests indicate that the well yield of BR-I is low (0.05 gpm). The most likely
explanation for the presence of DNAPL in BR-I is that the open borehole is acting as a
sump for accumulation of DNAPL that enters from the alluvial aquifer and/or the upper
few feet of weathered bedrock.

These findings suggest that the upper few feet of the bedrock, which is weathered and
fractured, is more likely to be a pathway for groundwater flow than the underlying
competent bedrock.

Evaluation of Bedrock Transport Characteristics DNAPL Characterization Study
Sauget Area 1, Sauget, lllinois
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BEDROCK TRANSPORT EVALUATION

Sauget Area 1, Sauget and Cahokia, lllinois

TABLES

Table J-1: Rock Classification Data for Boring BR-G

Table J-2: Rock Classification Data for Boring BR-H

Table J-3: Rock Classification Data for Boring BR-I

Table J-4: Results of Thin Section Analysis of Bedrock Core Samples



GSI Job No. G-2876

Issued: 8/28/06
Page 1 of 2

Table J-1 - Rock Classification Data for Boring BR-G

Sauget Area 1 Sites
Sauget and Cahokia, lllinois

GROUNDWATER
SERVICES, INC.

112 -113.67 Light gray Excellent, None Planar, thick 20 in. Distinct Planar Faint filled fracture lines, a Exhibited at bottom, black, Solid Moderate Micro-granular Rounded Well Trace to some Limestone
** massive suture line at bottom hard pitted to hard sorted white calcite?
113.67 - 114.36 | Light gray, Excellent, None Planar, 8.251n. Distinct Planar Suture lines at top, clay filled Along joints Solid Moderate | Granular, very fine to Rounded Well Disseminated Limestone
NT massive medium fine fractures at bottom to hard micro-granular sorted white specks
(calcite)
114.36 - 115.82 | Light gray Excellent None Planar, thick 17.5in. Distinct Planar Fine filled fractures at top and Exhibited at top and bottom Solid Moderate Granular to Rounded to Well Disseminated Limestone
** for ~1/2 inch thick at bottom, to hard crystalline, very fine sub-rounded sorted white calcite?
clay-filled; fracture at 14 inches to micro
has a rough and pitted surface
115.82 - 116.53 | Light gray Excellent, None Planar, 8.5in. Distinct Planar Fine filled fractures at top and Exhibited in fractures Solid Moderate Very fine to micro- Rounded to Well None observed Limestone
** massive medium bottom, clay filled; near-vertical to hard granular sub-rounded sorted
fracture in middle
116.53 - 117.03 | Light gray Excellent, None Planar, 5.75in. Distinct Planar One nearly vertical from top to Pitted dark gray surfaces at Solid Moderate Very fine to micro- Rounded to Well Calcite Limestone
massive medium bottom top and bottom, vertical to hard granular/crystalline sub-rounded sorted
fracture, slightly stained,
sweet odor
117.03 - 118.36 | Light gray Excellent, None Planar, thick 16 inches Distinct Planar Horizontal fine lines; 2.5 Slight, exhibited at top and Solid Moderate Very fine to micro- Sub-rounded, Well Calcite? Limestone
massive inches from top and at bottom bottom, dark gray and pitted to hard granular angular sorted
crystals
118.36 - 118.51 | Light gray Excellent, None Planar, thin 3in. Distinct Planar Horizontal to nearly horizontal Exhibited at top and bottom Solid Moderate Very fine to micro- Sub-rounded Well Some calcite Limestone
** massive filled fractures as pitted, rough surfaces to hard granular sorted
118.51-119.43 | Light gray Excellent, None Planar, 11 in. Distinct Planar Horizontal wavy filled fracture Slight to moderate along Solid Moderate Very fine to micro- Sub-rounded, Well Calcite present Limestone
massive medium line, 45° angle fracture at fracture to hard granular angular sorted as small
bottom, dark gray rough pitted crystals crystals
surface
119.43 - 120.56 | Light gray Excellent None Planar, thick 13.5in. Distinct Planar Generally horizontal clay-filled Exhibited in fractures, and at Solid Moderate Very fine to micro- Sub-rounded, Well Calcite crystals Limestone
fractures, one near-vertical top and bottom to hard granular, some angular sorted
healed fracture near top crystallization at top crystals
120.56 - 121.12 | Light gray Excellent, None Planar, 6.75in. Distinct Planar Wavy, horizontal clay-filled Exhibited at top and bottom in Solid Moderate Very fine to micro- Sub-rounded Well Disseminated Limestone
> massive medium lines of fracturing near bottom clay filled fractures to hard granular, some to sub-angular sorted white specks
crystallization (calcite)
121.12-121.76 | Light gray Excellent, None Planar, 6.5in. Distinct Planar Nearly horizontal wavy fracture Exhibited as clay seams at Solid Moderate Very fine to micro- Rounded to Well With calcite Limestone
massive medium lines at top top and bottom, pitted at to hard granular, some sub-rounded sorted
bottom crystallization
122 -122.71 Light gray Fair None Planar, 8.5in. Distinct Planar Horizontal and vertical fracture Slight at top and bottom Solid Moderate Very fine to micro- Rounded Well Some calcite Limestone
** medium lines to hard granular sorted
122.71-123.31 | Light gray Fair None Planar, 7.251n. Distinct Planar Horizontal wavy fracture Slight at top and bottom - Moderate Very fine to micro- Rounded to Well A few white Limestone
medium to hard granular sub-rounded sorted specks
123.31-123.56 | Light gray Fair None Planar, thin 3in. Distinct Planar Wavy fine lines at bottom Slight at top and bottom Solid Hard Very fine to micro- Sub-rounded Well Calcite Limestone
granular, flaky break sorted
planes
123.56 - 123.83 | Light gray Fair None Planar, thin 3.251n. Distinct Planar None Slight at top Solid Hard Micro-granular Rounded Well - Limestone
sorted
123.83 - 124.46 | Light gray Fair None Planar, 7.5in. Distinct Planar None present within; clay filled At bottom Solid Hard Micro-granular Rounded to Well Calcite present Limestone
** medium at bottom sub-rounded, sorted
some darker
gray specks
and spots
124.46 - 124.63 | Light gray Fair None Planar, thin 2in. - Planar Wavy, horizontal; one clay Along clay filled fracture at top Solid Moderate Micro-granular Rounded to Well Some calcite Limestone
filled vertical fracture to hard sub-rounded sorted
124.63 - 125.30 | Light gray Fair None Planar, thin ~8in. total, | Distinct Planar Wavy fractures None Solid Moderate Micro-granular Rounded Well - Limestone
(11+ pieces) 11+ to hard sorted

pieces




GSI Job No. G-2876
Issued: 8/28/06

Page 2 of 2

Table J-1 - Rock Classification Data for Boring BR-G

Sauget Area 1 Sites
Sauget and Cahokia, lllinois

GROUNDWATER
SERVICES, INC.

125.30 - 125.45 | Light gray Fair None Planar, thin 1.75in. Distinct Planar Healed vertical fracture None observed Solid Moderate Micro-granular Rounded Well - Limestone
to hard sorted
125.45-125.76 | Light gray Fair None Planar, thin 3.751n. Distinct Planar | Generally horizontal wavy filled At top, clayey Solid Moderate Micro-granular - - - Limestone
fractures, one healed fracture to hard
at 45° angle
125.76 - 125.91 | Light gray Fair None Planar, thin 1.75in. Distinct Planar None observed Top and bottom, slight Solid Moderate Micro-granular - - - Limestone
to hard
125.91 - 126.32 | Light gray Fair None Planar, medium 4.9in. Distinct Planar Wavy, fine lines, clay filled Exhibited along fractures Solid Moderate Micro-granular - - - Limestone
(four pieces) to hard
126.32 - 126.62 | Light gray Fair None Planar, thin 3.625 in. Distinct Planar Horizontal filled fine fractures, Slight at top and bottom Solid Moderate Micro-granular - - Clay in Limestone
two healed vertical fractures to hard fractures
126.62 - 126.79 | Light gray Fair None Planar, thin 2in. Distinct Planar Clay-filled fractures at top and Top and bottom Solid Moderate Micro-granular - - - Limestone
bottom to hard
126.79 - 128.17 | Light gray Fair None Planar, thick 16.5in. Distinct Planar Horizontal, clayey Slight exhibited at top and Solid Moderate Micro-granular - - - Limestone
** bottom to hard
128.17 - 129.09 | Light gray Fair None Planar, medium 11 in. Distinct Planar | Horizontal, wavy fine fractures, Slight at top and bottom Solid - Micro-granular - - Some white Limestone
** clay filled specks
129.09 - 130.46 | Light gray Fair None Planar, thick 16.5in. Distinct Planar Many fine wavy essentially Slight at top and bottom, Solid Moderate Micro-granular - - - Limestone
horizontal lines at top half, bottom dark gray and pitted to hard
fewer in bottom
130.46 - 130.80 | Light gray Fair None Planar, medium 4.125in. Distinct Planar Fine horizontal lines Dark gray pitted clay at top Solid Moderate Micro-granular - - Pyrite infilling Limestone
to hard one
fraction and as
a¥%in.long X
Ya in wide
130.80 - 131.34 | Light gray, Fair None Planar, medium 6.5in. Distinct Planar Horizontal fine lines Slight at bottom Solid Moderate Micro-granular - - - Limestone
> some to hard
darker
gray
specks
and
splotches
131.34 - 131.51 | Light gray Fair None Planar, thin 2.0in. Distinct Planar Horizontal fine fracture Slight at top and bottom Solid Moderate Micro-granular - - Some white Limestone
to hard outlines, fossils
*)

Notes:
1) Rock classification worksheets for BR-G are in pp. 145A-1 to 145A-30 in Soil, Ground Water, Surface Water, Sediment, and Air Sampling Field Sampling Report, Sauget Area 1 — Volume 2 of 9, O’'Brien & Gere Engineers, September

2000.

2) ** = A portion of this core was submitted to American Petrographic Services, Inc. for visual documentation of relative porosity and for thin section evaluation under a petrographic microscope.
3

) Arock classification worksheet was not found for the following interval: 121.76-122 ft bgs.
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111-112.5 Fresh 37%, Poor, None Horizontal, Smooth Distinct Fissile Planar, usually along horizontal Fresh Solid Hard Very fine (much less Matrix too fine | General | Traces of black Limestone,
(eight pieces) surface is - breaks along between (see lines clay within section (see than 1 mm), micro- to tell, some ly very specks some shell
> med. gray clay seams sections | Note 4) is stylolite (wavy & ), Note 5) granular, occasional inclusions are | well (horneblende), fossils
to med. range from 2-7 very thin to thin brachiopod fossil rounded to sorted pyrite, possibly
light gray cm thick (very very angular aragonite or
thin to thin) calcite
112.5-113.81 Light gray, Massive None Planar, thick 15.75in. Upper — Planar Stylolite at ~60° angle at top; Slight at both ends Solid Hard Micro-granular, some | Rounded, ~0.2 Well Disseminated Limestone
** N7 broken, stria upper 5 inches and lower brachiopod fossils mm or less sorted calcite w/
rounded; % of an inch limestone
lower — matrix
w/ striae
distinct
113.81-114.81 | Light gray, Massive None Planar, 12 in. Distinct Planar Wavy striae starting at 7” None, slight at top and bottom Solid Hard Micro-granular, some Rounded Well Disseminated Limestone
N7 Medium-thick below top and going to bottom, brachiopod fossil sorted calcite?
generally lines but up to 2 mm,
darker gray
114.81 - 117.81 Med light Massive None Planar, thick; 36 in. Distinct Planar Wavy striae nearly vertical at Top and bottom evidence Solid Hard Micro-granular Rounded Well Disseminated Limestone
> gray, N6 in wavy lines and top; horizontal near 27 inches sorted white calcite? (breaks
top 15.5”; wavy from top One thin black through
light gray metallic line at | grains at top,
15.5to ~15.75 in. from around
26.757; top grains at
med gray bottom 9
26.75-36" inches)
117.81-118.81 | Light gray Massive None One, planar, 10.75in. Distinct Irregular break Slight at top and bottom Solid Hard Micro-granular, Rounded Well Approx. ¥z inch Limestone
** medium occasional sorted wide, band at
brachiopod shell bottom contains
imprint dull black
specks, 3mm
wide, pale
green horizontal
band @ 7.5
from top
118.81-119.10 | Light gray, Massive None Planar, thin 3.251n. Distinct A few Planar Slight Solid Hard Micro-granular Rounded Well None Limestone
N7 wavy sorted
lines
119.10 - 120.31 | Light gray, Massive None Planar, thick 14.5in. Distinct Wavy Planar, wavy, clay filled Slight at top and bottom Solid Hard Micro-granular Rounded Well Disseminated Limestone
> N6 lines sorted white calcite?
near top Crystals; green
and specks &
bottom, streaks
clay
filled
120.31 - 120.62 | Light gray, Massive None Planar, thin 3.751n. Distinct Wavy, Top and bottom At top and bottom Solid Hard Micro-granular Rounded Well Minor calcite? Limestone
N7 horizont sorted
alto
nearly
vertical
120.62 - 121.10 | Light gray Massive None Planar, thin 2-3in. Distinct Wavy Wavy At top and bottom Solid Moderate Micro-granular Rounded to Well Calcite ? as Limestone
planar to hard sub-rounded sorted rounded %2

nodules
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121.10 - 121.93 | Light gray Massive None Planar, medium 10 in. Distinct | Horizonta Planar At top and bottom Solid Moderate Micro-granular Rounded Well Calcite as Limestone
** I, wavy to hard sorted rounded V2
nodules
122.5-123.13 | Light gray, Excellent, None Planar, medium 10 in. Distinct Planar Vertical to inclined lines, filled Top and bottom are slightly Solid Hard Very fine to micro- Rounded Well None observed Limestone
> N7 massive with clay pitted and clayey granular, flaky on sorted
broken surfaces,
some brachiopod
fossil impressions
123.13 - 124.42 | Light gray, Excellent, None Planar, thick 15.5in. Distinct Planar Fine, wavy, clay filled Slight to fresh; top and bottom Solid Moderate Micro-granular, Rounded to Well None additional Limestone
N7 massive horizontal to inclined lines; exhibit pitted clayey surface to hard <<1imm sub-rounded sorted observed
stylolites occasionally
124.42 - 125.05 | Light gray, Excellent, None Planar, medium 10 in. Distinct Planar Wavy, filled fracture at top Exhibited at top and bottom; Solid Moderate Very fine to micro- Rounded Well A few white Limestone
N7 massive pitted clay-filled fracture to hard granular sorted calcite?
125.05 - 127.51 | Light gray, Excellent, None in Planar, thick 29.51n. Distinct Planar Wavy lines in middle section Only in fractures, top and Solid Moderate Very fine to micro- Rounded Well Pyrite on one Limestone
** N7 massive rock; and at lower end; possibly bottom to hard granular sorted fracture line
possibly clay filled fractures, generally
in thin a much darker gray on
fractures fracture surface (N3)
127.51-128.99 | Light gray Excellent, None, Planar, thick 17.75in. Distinct Planar Wavy fracture lines, clay filled None within; along larger Solid Moderate Very fine to micro- Rounded to Well Calcite, pyrite in Limestone
massive except pyrite in fracture @ 3inches fractures — slight to hard granular sub-rounded; sorted one fracture
in from bottom; black and pitted some crystals
fractures in middle fracture. angular
128.99 - 129.91 | Light gray, Excellent, None Planar, medium 11 in. Distinct Planar Wavy filled fractures and Along fracture lines Solid Moderate Very fine to micro- Sub-rounded Well Calcite Limestone
** N7 massive sutures; dark gray clay filled to hard granular to sub-angular | sorted
129.91 - 130.64 | Light gray Excellent, None Planar, 8.751n. Distinct Planar Clay-filled, wavy planar Exhibited in fractures Solid Moderate Very fine to micro- Rounded to Well - Limestone
massive medium, one fracture lines to hard granular sub-rounded sorted
thin bed at
bottom
130.64 - 131.04 | Light gray, Massive None Planar, medium 4.75in., Distinct Planar Wavy fine fracture lines Exhibited in clay-filled fracture Solid Moderate Very fine to micro- Sub-rounded Well Calcite Limestone
N7 5/8 in. thick clay/shale to hard granular sorted
layer at
bottom
131.04 - 131.87 | Light gray Excellent, None Planar, medium 10 in. Distinct Planar None Exhibited at top in clay-filled Solid Moderate Micro-granular Rounded Well - Limestone
> massive fractures to hard sorted

Notes:

A wWN

~— — — ~—

Rock classification worksheets for BR-H are in pp. 145A-31 to 145A-49 in Soil, Ground Water, Surface Water, Sediment, and Air Sampling Field Sampling Report, Sauget Area 1 — Volume 2 of 9, O’Brien & Gere Engineers, September

2000.

** = A portion of this core was submitted to American Petrographic Services, Inc. for visual documentation of relative porosity and for thin section evaluation under a petrographic microscope.

A rock classification worksheet was not found for the following interval: 121.93-122.5 ft bgs.
For the sample interval from 111-112.5 ft bgs, the description under Foliation had the following additional information: “Some white specks to pieces up to %z inch long, rounded to blocky, may be calcite as they effervesce in HCI.”

For the sample interval from 111-112.5 ft bgs, the description under Surface had the following additional information: “Solution at

in clay at 112.5 ft below existing grade.”
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Table J-3 - Rock Classification Data for Boring BR-I
Sauget Area 1 Sites
Sauget and Cahokia, lllinois
111-113 Very light Poor Some Planar, thin 1510 Distinct Planar Wavy fine lines nearly Exhibited along fracture line Solid Moderate Very fine to micro- Rounded to Well White specks Limestone
(five pieces) gray, then 3.751n. horizontal to hard granular sub-rounded sorted
light gray
116 - 118 Light gray Poor None Planar, very 0.125t0 4 Distinct Planar Horizontal None observable Solid Moderate Very fine to micro- - Well White specks -
(ten pieces) thin to medium in. to hard granular sorted throughout
118 -120.5 The rock classification worksheet indicates that sand was present in this interval.
120.5-126.5 The rock classification worksheet indicates that no rock coring was conducted from 120.5 to 126.5 ft. This interval was drilled out using mud rotary drilling, and the 4-inch diameter PVC casing was reset.
126.5 - 127.02 Light olive Excellent, None Planar, very 0.25t0 2 Distinct Planar Wavy, nearly horizontal Slight at top and bottom of Solid Moderate Very fine to micro- Rounded to Well Some white Limestone
(five pieces) gray massive thin to thin in. piece 2, bottom of pieces 4 & to hard granular sub-rounded sorted specks and
5 dark gray & pitted nodules
127.02 - 127.54 | Light gray Excellent None Planar, medium 6.251in. Distinct Planar Wavy, horizontal, clay filled Slight, pitted surfaces at top Solid Moderate Very fine to micro- Sub-rounded Well Disseminated Limestone
and bottom to hard granular, flaky to sub-angular | sorted white specks,
breakage calcite
127.54 - 128.54 | Light gray Excellent None Planar, thick 12 in. Distinct Planar Horizontal, wavy fine lines and Slight, pitted surfaces at top Solid Hard Very fine to micro- Sub-rounded Well Calcite, a few Limestone
> suture lines ~2 inches from and bottom of piece granular to angular sorted white specks
bottom
128.54 - 129.35 | Light gray Excellent None Planar, medium 9.751in. Distinct Planar Very fine lines, horizontal to Pitted surface at top, dull Solid Moderate Very fine to micro- Sub-rounded Well Disseminated Limestone
sub-horizontal clayey at bottom to hard granular to sub-angular | sorted white specks
129.35-132.04 | Light gray Excellent None Planar, very 32.25in. Distinct Planar Planar, suture-like, horizontal, Slight at top and bottom Solid Moderate Very fine to micro- Sub-rounded Well Disseminated Limestone
** thick three to hard granular to sub-angular | sorted white specks
132.04 - 132.35 | Light gray Excellent None Planar, very 0.75 and Distinct Planar One in center of piece 11, Pitted surface on bottom of Solid Moderate Very fine to micro- Sub-rounded Well Clay, calcite Limestone
(two pieces) thin to thin 3in. wavy, filled piece 11 to hard granular to angular sorted
132.35-132.77 | Light gray Excellent None Planar, medium 5in. Distinct Planar Wavy fine lines, medium gray, N5, fine pitting in bottom of Solid Moderate Very fine to micro- Rounded (dark Well Calcite Limestone
N5, bands at top and bottom piece to hard, granular bands), sub- sorted
dark gray rounded to
bands sub-angular
slightly
more soft
than
middle
132.77 - 133.87 | Light gray Excellent None Planar, thick 13 in. Distinct Planar As wavy fine filled lines Slight at top and bottom Solid Moderate Very fine to micro- Sub-rounded Well White specks Limestone
to hard granular to sub-angular | sorted
132.87 - 132.97 | Light gray Excellent None Planar, thin 1.25in. Distinct Planar Wavy, filled fine horizontal Slight at top and bottom ends Solid Moderate Micro-granular - - - Limestone
lines to hard
132.97 - 133.99 | Light gray Excellent None Planar, thick 12.25in. Distinct Planar Few horizontal wavy fine lines Slight at top and bottom, Solid, Moderate Micro-granular Rounded Well - Limestone
** pitted surfaces some to hard sorted
darker
gray
shapes,
possibly
fossils
133.99 - 134.59 | Light gray Excellent Solid Planar, medium 7.251n. Distinct Planar As fine wavy filled horizontal | Slight at pitted surfaces on top Solid Moderate Micro-granular Rounded Well - Limestone
lines and bottom to hard sorted
134.59 - 135.42 | Light gray Excellent None Planar, medium 10 in. Distinct Planar None observed Slight, pitted top surface Solid Moderate Micro-granular Rounded Well CaCOs3 Limestone
> to hard sorted
136.5-137.44 Light gray Excellent None Planar, medium 11.25in. Distinct Planar None Slight top and bottom Solid Moderate Micro-granular Sub-rounded Well CaCOs3 Limestone
to hard to sub-angular | sorted
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Sauget Area 1 Sites
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137.44 - 137.61 | Light gray Excellent None Planar 2.1251n. Distinct Planar Fine, wavy, horizontal filled Pitted surface at top, smooth Solid Moderate Micro-granular Sub-rounded Well CaCOs3 Limestone
lines clayey (shale?) layer at to hard to sub-angular | sorted
bottom
137.61 - 138.05 | Light gray Excellent None Planar 5.25in. Distinct Planar - Slight at top and bottom Solid Moderate Micro-granular Sub-rounded Well CaCOs3 Limestone
** to hard to sub-angular | sorted
138.05-139.47 | Light gray Excellent None Planar, thick 17 in. Distinct Planar; Horizontal to sub-horizontal Dull clay surfaces on top and | Solid top | Moderate Micro-granular - Well White crystals Limestone
** white fine wavy filled lines bottom surfaces 9.5in.; to hard sorted in bottom 7.5
irregular small inches, do not
shapes in pits effervesce in
bottom scattere HCI
7.5in. din
bottom
7.5in.
139.47 - 141.72 | Light gray Excellent None Planar, thick 27 in. Distinct Planar No jointing except at bottom Thick pitted surface at bottom | Somewh | Moderate Micro-granular - - A bear-trap Limestone
at pitted to hard shape in top 5
in top inches has
3.5 apparent pyrite
inches in it
141.72 - 142.03 | Light gray Excellent None Planar 3.751n. Distinct Planar Multitude of fine wavy sub- Along fracture lines Solid Moderate Micro-granular - - - Limestone
(three pieces) total, horizontal lines; slightly larger separating pieces to hard
each fractures separate pieces
~1.251in.
142.03 - 144.21 | Light gray Excellent None Planar, thick; 26.125in. Distinct Planar As wavy, fine, sub-horizontal Slight at top and bottom ends Solid Moderate Micro-granular Rounded Well CaCOs3 Limestone
> gray irregular fine lines to hard sorted
shaped
blotches in top
2/3, white
blotches in
bottom 1/3
144.21 - 144.56 | Light gray Excellent None Planar, medium 4.25in. Distinct Planar As fine wavy lines at top As pitted surfaces on top and Solid Moderate Micro-granular Rounded Well - Limestone
bottom to hard sorted
144 .56 - 145.27 | Light gray Excellent None Planar, medium 8.5in. Distinct Planar As fine horizontal to sub- Slight as pitted clay surfaces Solid Moderate Micro-granular - - - Limestone
horizontal lines at top and bottom to hard
145.27 - 145.70 | Light gray Excellent None Planar, medium | 5.125in. Distinct Planar Clay filled at top, black stained Pitted black bottom Solid; Moderate Micro-granular Rounded Well Trace pyrite Limestone
** and pitted on bottom pitted to hard sorted
filled
fracture
in
middle
145.70 - 146.91 | Light gray Excellent None Planar, thick 14.5in. Distinct Planar One sub-horizontal, stylolite in Pitted surface on top of core Solid Moderate Very fine to micro- Rounded Well Some faint Limestone
** middle to hard granular sorted white blotches

Notes:
1) Rock classification worksheets for BR-I are in pp. 145A-50 to 145A-75 in Soil, Ground Water, Surface Water, Sediment, and Air Sampling Field Sampling Report, Sauget Area 1 — Volume 2 of 9, O’Brien & Gere Engineers, September

2000.

2) ** = A portion of this core was submitted to American Petrographic Services, Inc. for visual documentation of relative porosity and for thin section evaluation under a petrographic microscope.
3

) Rock classification worksheets were not found for the following intervals: 113-116 ft bgs and 135.42-136.5 ft bgs.
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Table J-4
Results of Thin Section Analysis of Bedrock Core Samples
Sauget Area 1 Sites, Sauget and Cahokia, lllinois

Well BR-G

112.20 — 112.46 Dolomitic limestone, biosparite Moderate Dolomitized throughout

114.74 — 115.07 Limestone, pel-biosparite Low Well cemented

116.11 - 116.53 Limestone, oo-pel-biosparite Low Well cemented

118.36 — 118.51 Limestone, oo-pel-biosparite High Many stylolites

120.56 — 120.89 Limestone, pel-biosparite Low Few scattered interfragment pores
122.41 —122.71 Limestone, biomicrite Mod-Low Dense, 2 thin stylolites

12417 — 124.46 Limestone, oo-pel-biosparite Low Dense

126.79 — 127.13 Limestone, oo-pel-biosparite Low Dense

128.42 — 128.73 Limestone, oo-pel-biosparite High Concentrations of sub-parallel stylolites
130.80 — 131.10 Dolomitic limestone, biosparite Moderate Dolomitized zones throughout

Well BR-H

111.83 - 112.19 Limestone, biosparite Moderate Some sutured stylolites

113.46 — 113.81 Limestone, biosparite Moderate Some crude stylolites

115.76 — 116.03 Dolomitic limestone High Dolomitized throughout

118.04 — 118.46 Calcitic dolostone, biosparite High Dolomitized throughout

119.87 — 120.29 Limestone, oo-pel-biosparite Low Dense sparite cement

121.43 — 121.63 Limestone, biosparite Moderate Some stylolite swarms

122.50 — 122.79 Limestone, biosparite Mod-Low One stylolite swarm

125.30 — 125.59 Limestone, oo-pel-biosparite Mod-Low A few pores in drusy sparry cavities
128.99 — 129.39 Limestone, pel-biosparite Moderate Some crude stylolites

131.04 — 131.43 Limestone, biomicrite Low Dense micrite matrix

Well BR-I

127.54 — 127.92 Limestone, pel-biosparite Low Dense sparite cement

129.85 - 130.27 Pel-biosparite Low Dense, drusy sparite cement, syntaxial

cement growth surrounds fossil
fragments

131.27 — 131.55 Limestone, pel-biosparite Low Dense sparite cement

133.08 — 133.41 Limestone, pel-biomicrite Low Dense micrite matrix

134.59 — 135.01 Limestone, oo-pel-biosparite Low Dense sparite cement

137.61 — 137.84 Limestone, pel-biosparite Low Very dense and fine sparite cement
138.93 — 139.31 Dolostone, micro sparite High Large cavities throughout

142.57 — 142.87 Dolomitic limestone, biomicrite High Many large pores in dolomitized areas
145.27 — 145.46 Limestone, pel-micrite Low No visible porosity

146.63 — 146.88 Limestone, biomicrite Low Dense micrite matrix

Notes:

1) Thin section analyses conducted by American Petrographic Services and documented in pp. 147A-1 to 147A-21 in Field
Sampling Report, Sauget Area 1 — Volume 2 of 9, O’Brien & Gere Engineers, September 2000.

2) A stylolite is defined as a “surface or contact, usually in carbonate rocks, that is marked by an irregular, interlocking
penetration of the two sides: columns, pits, and teeth-like projections on one side fit into their counterparts on the other.”
(Dictionary of Geological Terms, Third Edition, 1984).
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Figure J-1 Detailed Cross Section at BR-I
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ATTACHMENT J-1 — DESCRIPTION OF FIELD PROCEDURES

Description of Field Procedures
(Source: pages 125 to 138 from Volume 2 of Field Sampling Report,
O’Brien & Gere, September 2000)



3_Field dcrivities by Task

3.10. Bedrock Ground Water Sampling

3.10.1. Rationale/Design

As directed by USEPA Region V, three bedrock wells were installed in
Sites G, H, and I in order to evaluate the vertical extent of organic and
inorganic constituents migrating away from these sites. Locations for the
bedrock wells were based on the shallow ground water concentration
high plume estimated by Ecology and Environment (1998). Telescoping
surface casings were installed in order to minimize carry-down of site-
related constituents during ground water sample collection and vertical
migration of site-related constituents after completion of sampling.

Bedrock was cored to a depth of 20 feet below the telescoping casing,
Cores were digitally photographed {Section 3.10.4.6) in color against a
scale and evaluated for porosity by examination and petrographic thin
sections (Section 3.10.4.5). A ground water sample was collected from
each core hole.

Number of Ground Water Samples 3
Analyses:
Cyanide USEPA Method 9010B
Dioxin USEPA Method 8290
Herbicides USEPA Method 8151A
Mercury USEPA Method 7470A
Metals USEPA Method 6010B
PCBs UUSEPA Method 680
Pesticides USEPA Method 8081 A
SVQOCs USEPA Method 8270C
VOCs USEPA Method 8260B

Sampling locations were selected in the field with the concurrence of
USEPA Region V or its designee.

3.10.2. QA/QC Samples
QA/QC samples consisted of the following:

. one duplicate per 10, or fraction of 10, environmental samples
collected

* one MS/MSD per 20, or fraction of 20, environmental samples
collected or one MS/MSD every three working days, whichever
was sooner

Final: September 8, 2000

125 O'Brien & Gere Engineers, Inc.
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Field Sampling Report, Sauget Area |

. one equipment blank (or field blank) per 10, or fraction of 10,
environmental samples collected unless dedicated or disposable
sampling equipment was used to collect samples

. one trip blank per sample cooler containing environmental
samples for VOC analysis that was shipped.

QA/QC samples were submitted for analysis and analyzed for the same
parameters as the investigative samples, as applicable. Duplicate
samples were collected to measure consistency of field sampling
technique. MS/MSD samples were collected to measure laboratory QC
procedures.  Equipment blanks were collected to measure the
effectiveness of field decontamination procedures. Trip blanks were
submitted to indicate cross-contamination of VOCs during shipment.

3.15.3. Field Procedures

Prior to performing field work, a Preparatory Inspection Meeting
attended by a representative of each of the interested parties was held
(meeting forms included as Section 3.10.4.2). Mud rotary drilling
methods were used to drill the boreholes to set the telescoping casing and
to drill five feet into the top of bedrock. Four change orders were
implemented to enhance the bedrock sampling task:

1. Prevent/minimize drilling fluids from entering the four-inch
casing

2. Redrill the four-inch casing at Site I due to upper bedrock zone

3. Install 18-inch casing at Site G to prevent/minimize loss of drill

mud material
4, Extend eight-inch casing at Site G (Section 3.10.4.X).

Site G — Twenty-inch, temporary surface casing, approximately 10-feet
below existing grade; 18-inch-ID casing set at 19 feet below existing
grade to seal off large rubble in fill; 12-inch-ID casing set at 31.5 feet
below existing grade, approximately five feet below fill; eight-inch-ID
casing set at 71 feet below existing grade, approximately 45 feet below
fill; four-inch-ID casing set at 112 feet below existing grade,
approximately six feet into bedrock.

Site H ~ Twelve-inch-ID casing set at 31.5 feet below existing grade,
approximately 5.5 feet below fill; eight-inch-ID casing set at 45.25 feet
below grade, approximately 19 feet below fill; four-inch-1D casing set at
109.5 feet below existing grade, approximately 4.5 feet into bedrock.

Site I - Twelve-inch-ID casing set at 32.5 feet below existing grade,
approximately 5.5 feet below fill; 12-inch-ID casing set at 53 feet below
existing grade, approximately 26 feet below fill; four-inch-ID casing set

O'Brien & Gere Engineers, Inc. 126 Final: September 8, 2000
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3_Field Activities by Task

at 125.5 feet below existing grade, approximately 6.5 feet into bedrock.
An upper rock layer was encountered at approximately 105 feet below
existing grade. This rock layer was approximately 6.5 feet thick with
Ioose sand below; hence, through review with Solutia representatives, the
first four-inch casing was removed and reset at 125.5 feet.

Coring was accomplished using wireline coring barrels to generate a
two-inch minimum core. Coring continued for 20 feet into the
competent bedrock. Core samples were photographed (Section 3.10.4.6)
and described on rock classification work sheets (Section 3.10.4.43.
Descriptions followed the procedures outlined below. Afier coring was
completed, a ground water sample was collected from the bedrock core
hole. Sampling was accomplished using a Grundfos Rediflow™ pump,
control box, and electrical generator. Sampling was accomplished
following applicable procedures outlined in Section 3.7.3. A PID, four-
gas meter, and a RAM were used to monitor these activities.

Once sample collection was completed, the pump and tubing were
pulled. The tubing was placed into a plastic trash bag and disposed in
the general waste dumpster. An expandable seal, locking plug was
installed in the top of the four-inch casing. The borehole will be
abandoned by filling the annular space with a cement and bentonite grout
from bottom to top. The surface top two feet will be restored with soil
and seeded. The drill rig was moved to the decontamination station and
steam cleaned. Solids were placed into a-container for transport to the
Judith Lane storage site. Drilling fluids were contained in 55-gallon
drums prior to disposal.

Sampling Equipment Decontamination —

. Brush-wash reusable sampling equipment in a bucket or tub
using a trisodium phosphate (TSP) or other commercial
detergent solution (two pounds of TSP per 10 gallons of clean
water). Completely brush the entire exterior surface of the
article undergoing decontamination. Wash interior wetted
surfaces as required. Rinse the item with copious quantities of
potable water, followed by 2 distilled water rinse.

. Rinse reusable sampling equipment used to collect
environmental media for metals analysis in a dilute nitric acid
solution, following by a distilled water rinse.

» Air-dry sampling equipment on a clean, nonplastic surface in a
well-ventilated, uncontaminated environment. If the sampling
device is not to be used immediately, wrap it in aluminum foil
and place it in a plastic bag or storage container.

) Contain rinse waters in a plastic tub or bucket with a lid. Empty
the contents of this tub daily into a 55-gallon drum located at the
ID'W storage area.

Final: Sepiember 8, 2000
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Field Sampling Repost, Sauget Area |

Decontamination waters were placed into a temporary container and
ransported to the wastewater disposal container. IDW, such as
disposable gloves, paper towels, plastic sheeting, and Tyvek™ suits (if
worn), were containerized and taken to the Judith Lane waste staging
area prior to disposal.

Method — The geologists and geotechnical engineers wrote their
description of rock samples with a consistent format. The order and
presentation of selection of data are presented below.

The order in which the rock description was documented following the
order presented below, ’

Order of Description for Litho!ogy

1. Color 9, Waeathering

2. Rock guality 10. Surface

3. Porasity 11, Hardness

4. Beds 12. Texture

5. Thickness 13. Grain shape

8. Contact 14, Soring

7. Foliation : 15, Mineral components
8. Joints 16. Rock classification

Abbreviations of the descriptions conformed to the standard abbreviation
list. This list is presented below. A word that is not on this list was
spelled out. An initial capital letter was used for each rock type. Capital
letters are for formation names and rock types.

Punctuation was also standardized, The following convention was used
for punctuation;

. comma after each item of description
. semicolon between each rock-type description
. no full stops (periods)

In addition, remarks such as A/A (“as above™), same as above, see
abave, or same are undesirable.

Log Order of Presentation and Selection — The following order was used
to present information on the log:

i. Color
Color (from Munsell Color Chart} of logged interval or mass
{sample).

2. Rock Quality

The rock quality designation (%RQD) is computed in the
following way:

O'Brien & Gere Engineers, Inc.
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3 Field dctiviries by Task

%RQD = 100 x {length of core in pieces >4’} +

[hole length drilled or attempted (cored})]

Guidelines:

Measure from the center of natural breaks.

Exclude joints that dip within five degrees of core axis.

Exclude drill breaks. (See criteria for identification of
drill breaks.)

Do not calculate RQD for soft semi-indurate rock or
severely weathered rock. (“Weathering” is addressed

below.)

Scale:
90 - 100 Excellent .o, Massive
7% - 80 GO0 1vrerrreecinressirisesrscrassarssenne Lightly fractured
56 - 75 Failierirecrenenineconensierannens Moderately fractured
25 - 50 2+ O Highly fractured
g - 25 VEBIY DOOT coiiirisicnsissssiessenssnsssnsrenseraees Sheared

It is appropriate to think of RQD in conditions of equal effect;
that is, group the RQD ranges as equivalent to rock type,
structural domain, shear zones, and so forth.

Criteria for Identifving Drilling Breaks:

A rough, brittle surface with fresh cleavage planes in
individual rock minerals indicates an artificial fracture.

A generally smooth or somewhat weathered surface with
soft coating or infilling materials such as tale, gypsum,
chlorite, mica, or calcite obviously indicates a natural
discontinuity.

In rocks showing foliation, cleavage, or bedding, it may
be difficult to distinguish between natural discontinuities

_and artificial fractures when these are parallel with the

incipient planes of weakness. If drilling has been carried
out carefully, then the questionable breaks should be
counted as natural features to make the conservative
assumption.

Depending on the drilling equipment, part of the length
of core being drilled may occasionally rotate with the
inner barrels in such a way that grinding of the surfaces
of discontinuities and fractures occurs. In weak rock

Final: September 8, 2000

129 O'Brien & Gere Engineers, Inc.

GaSTLOUIS Projectst 10040123 548\5_RPTSIO00RPTS Dralt FSRW¥FSR_Repart.doc



Field Sampling Report, Sauget Area 1

types, it may be difficult to decide if the resulting
rounded surfaces are present natural or artificial features.
When in doubt, the conservative assumption should be
made; that is, assume that they are natural.

. It is appropriate to keep a separate record of the
frequency of artificial fractures for assessing the possible
influence of blasting on the weaker Sedimentary and
foliated or schistose metamorphic rocks.

The occurrence of impurities is qualified with the following
terms:

. consolidated, unconsclidated, semi-consolidated round,
sub-round, sub-angular, angular, eliipsoidal, spherical.

Masses Brecciated Trace remnants

Fockets Chaatically intermixed  Disseminated throughout matrix
Nodules Fine wispy layers Scattered

Blebs Stringers Straaks or specks

Lenses Subtle network Narrow zones

Golites Chicken wire pattern

Zones Dendritic

Transitions

Porosity
Use the following descriptions:

. none, medium, moderate, very, pinhole porosity, visual
porosity.

Beds
Bedding, horizontal or inclined:

planar
mylonitic
folded
contorted
wavy banding.

. & & & &

Bedding, beds, cleavage, and foliation:

Very thin T=-3em{04-17)
Thin 3-10cm(1-47)
Medium 10-30cm (4" -17)
Thick 30-100cm (1'- 3%
Vary thick »>100 cm (>3
O'Brien & Gere Engineers, Inc. 130 Final: September 8, 2000
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3 Field Artivities by Task

Lamina:

. laminated: 0.3 -1cm{(04-0.17)
. thinly laminated: <0.3 cm (<0.4")

R Thickness, Laminations, Lamella, Seams
. smooth
. broken
. irregular
. convoluted
. up/down criteria

6. Contact

. distinct

. vague

. gradational

7. Foliation

. fissile (planar splitting)
. nonfissile

8. Joints

Planar
Parting
Planes

infilled with
Healed fracture
Mylonitic

irregular break
Scalloped
Conchoidal

Spacing:

Very thin
Thin
Medium
Thick
Very thick

1 ~3oem{0.4-1%
3-10ecm{1-47)
10-30cm{4"- 17
30-100cm (1’ - 37
>100 em {>39

9. Weathering
Fresh

Shlight

Moderate

Rock fresh; crystals or grains bright; a few joints
may show slight staining; crystalline rocks ring
if struck with a hammer.

Rock generally fresh; joints stained and may
show clay filling if open; staining may extend
into rock fabric adjacent to weathered planes; if
present, feldspars may be dull and discolored;
crystalline rocks ring if struck with hammer.

Except for quartz, most of the rock mass shows
discoloration and weathering; most feldspar is
dull and discolored and  kaolinitization

Final: September 8, 2000 131
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Field Sampling Report, Saugel Area |

Severe

Complete

10. Surface
Solid

Pitted

Vuggy

Vesicular

Cavernous

11. Hardness

(alteration to clay minerals) is common; rock
gives a dull sound if struck with hammer; rock
shows overall loss of strength; potions may be
removed with a geologist’s pick.

All minerals except quartz discolored or stained;
rock fabric still discernible; intergranular or
intercrystalline disassociation virtually
complete; internal structure essentially that of
soil; fragments of strong rock may remain; may
be called saprolite.

Rock is decomposed to a soil; fabric not
discernible or only barely discernible; quartz
may remain as dikes or stringers.

Contains no voids.

Small voids generally restricted to joint surfaces,
bedding planes, or other surfaces which provide
access for attacking fluids.

Use restricted to solution voids in carbonate
rocks and hydrothermally altered rocks; voids
may be found throughout the rock face; voids up
to nine-inch diameter,

Use restricted to voids in igneous (occasionally
metamorphic) rocks, void origin usually due to
gas bubbles; voids up to threec-inch average
diameter.

Applicable in any rock; voids and channels
greater than nine-inch average diameter; voids
large enough to cause serious leakage or
structural problems.

The following-scale {not to be confused with Moh’s scale for
hardness of minerals) is used to a rock:

Very Hard

Hard

Moderately

Cannot be scratched with knife or sharp pick;
breaking of hand specimens require several hard
blows of geologist's pick.

Can be scratched with knife or pick only with
difficulty; hard blow of hammer required to
detach hand specimen,

Can be scratched with knife or pick; gouges or
groves to 1/8inch deep can be excavated by

{Brien & Gere Engineers, Inc. 132
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2. _Eield Activities by Task

hard blow of point of geologist's pick; hand
specimens can be detached by moderate blow.

Medium Can be grooved or gouged 1/16 inch deep by
firm pressure on knife or pick point; can be
excavated in small chips to pieces about
one inch maximum size by hard blows of the
point of a geologist’s pick.

Soft Can be gouged or grooved readily with knife or
pick point; can be excavated in chips to pieces
several inches in size by moderate blows of a
pick point; small thin pieces can be broken by
finger pressure.

VYery Soft Can be carved with knife; can be excavated
readily with point of pick; pieces one inch or
more in thickness can be broken by finger
pressure; can be scratched readily by fingemnail.

12, Texture
American Geological Institute data sheets:

. fine = <] mm
. medium = 1.5 mm
. coarse = >3 mm

13. Grain Shape
very angular

. angular

. subangular

. subrounded

. rounded

. well-rounded

14. Sorting {(For Sedimentary Rocks)
very well sorted

. well sorted (poorly graded)
. moderately sorted
. poorly sorted (well graded)
* very poorly sorted

15, Mineral Components

16. Roek Classification
American Geological Institute data sheets:
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Field Sampling Report, Sauget Area |

A

ABOUL..c e re e ABT
BDOVE crerrcimisrarsanns ABV
abundant....eens ABDT
accumulation........ ACCUM
ACIEUHEL (rverersecacsrarnine ACIC
agoregate......we AGG
agglomerate.......... AGLM
=1 o -1 DORO PO ALG
altered..cvversreerarorarnns ALT
amorphous....covues AMOR
AMOUN e vrneerresceeen AT
ANGUIAL...coovicrreresinas ANG
anhedral.....cenn ANHED
anhydrite .o, ANHY
anhydritic ........ ANHYDRIC
apparent....creaeeranens APR
APPEAIS .coirmenererenas APRS
approximate....... APROX
aragonite....cveeens ARAG
Arenacenus . .......... AREN
argilaceous...ovevenns ARG
GIKOSE orerrveraerirrmreveases ARK
asphait .o ASPH
Bluvireinrersesinaenseasniressains @
BVEFAQE..cicreremrsresreis AV -
B

band....ouiereerarnina BND
banded...icmrneenn BNDD
DEFIE..ovirerarrernrnararsersns BAR
Basall .o reerernernrsans BAS
1=+ JORRTRUOUPR BED
bedded......corevereniee BEDD
Dedding .eoveeeeniirines BEDG
bentonitg ....ccccneeenas BENT
#1501 €11- J R BIOT
DHUIMEN vveeeerireeissnssrannes =11
BIACK wevveeererneereire e BLK
hleeding ....coceveeianens BLDG
BloCkY.oveiisrirreennnas BLKY
botryoida.....oevveninns BTRI
BOHOM e eerersnrssans BTM
BOWIBET .. evervrcrenmnaaenns BLOR
brachiopod............ BRAC
Breccid oeeverrnarneens BREC
bR v ereesreerererseen BRIT
211 ] 1t SO RTOoN BRI
DIOKBM .oorvrrecsecsernnns BRKN
o 11530011 FORRUTOPR BRN
DIYOZOA covcireirnesnnirnces BRY
c

CRICHE v iverrmreearrnesrerannes CA
CalCareous . CALC
carbonaceous ... CARB
CAVEINOUS ooeeriercrensen CAV
CAVING wereevorarriremmrsrees cvG
CEMER..oerricirnrsserenns WMT
RNl iiirereerrrnrarerss CNTR
cephalopod ... CEPH

Accepted Abbreviations —

..........................

...........................
.......................

.......................

............................

..........................
...........................
....................
........................
.........................
.............................
........................
...........................

....................

conglomerate

....................

.....................
.....................

........................
....................

.....................

crosshedded
crosslaminated
cross-stratified .... XSTRAT
crypiocrystalline .CRPXLN
cryptograined

...........................

..............................

.............................
.....................
.........................
......................

.....................

....................

disseminated

.....................

dotomitic......ceeenvenn

.....................

O'Brien & Gere Engineers, Inc.
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3. Field Acpiviries by Task

E

BaRNY . cvrrrerraenieies ETHY
echingid covvecriesirconse ECH
alptical.. e ELIP
glongate...cccinnnenns ELNG
embedded.......... EMBEDD
enlarged...cceerinnnns ENL
=T+ ]1a101 1 SORUORORURRION EP
aequivalent .............. EQUIV
euhedral................ EUHED
evapoiitic «.c e EVAP
EXPOSE ceevvieererreceninans EXP
axtrusive ...ooveveennne EXTRU
F.‘

faceted.....ccccceeiienenns FAC
17=11 11 SOOI FNT
AL vveereacasanrerrnssiasssrensinnns R
fatt .o cersnnniens FLT
fAUNA.c.ceereererrmeereesranes FAU
fldspar. ..o FELS
fRITUGINOUS o rcrnenines FE
11211411 -SRI FiB
figured...covierieerinianens FIG
N8, I et F
1231 TP FISS
flE00Y o vererecrmrrearrnnse FLGY
flake, ¥ coviercrecrnaans FLK,-Y
Binty ...... . FLTY
floaling ..vervreraereeenes FLTG
fluorescence ... FLUOR
foliated, Hon ..cvccvvunee FOL
foraminifera.......... FORAM
formation ...cccvcveeneee FMTN
[{a3:3:71 IR FOSS
fossilifernus.......... FOSSIF
fracture,-ed .....cciues FRAC
fragment......ocoierenes FRAG
fresh e FRSH
frable oo vieresaerans FRI
frosted. i, FROS
fusilimid....c.ocreerrineneens FUS
G

[oF=1 11 JUURURRSRION GAB
gastropod....cens GAST
GlESSY e rerecrenenn GL
glauconite ............. GLAUC
globular....c.cceeoreeiee GLOB
G085 evvirierensnsieneer: GLOS
ONBISS eevvrreerecrererirsnens GN
410141 JUURURU G
[ r= 1 1 TSR GRD
grading.....ceeverseninees GRBG
o 22111 FOVTRRUPIIN GRN
granite......ccvveeseeenrees GRNT
Qranular. ..o erees GRAN
granule......eeeniees GRNL
graptolite ..o GRAP
gravel .o GV
L+ 2= | OO GRY
graywacke............ GYWKE
QIEASY covernrrerersensns GRSY

GrEBM . st GREEN
512114 GRTY
GYDSUM eenvainniisressassans GYP
gypsiferous ... GYPS
H

7 11+ USROS HD
HEAVY e enes HVY
hematite.....cocinenieene HEM
21+ £ DO Hi
horizontal .....cccooeveenn. HOR
hombiende HBD
hydrocarbon.......... HYDC
I

IONEOUS (oevreccrieirseenianies G
imbedded............. IMBEDD
impregnated........... IMPRG
Impressions......oe. IMP
included ..oveveeeeiniiraenns INCL
INCIUSION vveveereererans INCLSN
INCIBASE (v eeriecnrins INCR
INAIBHNCY e irrivrs e IND
interbedded........ INTBEDD
intercrystalline...... INTXLN
intergranular...... INTGRAN
intergrown ... INTGWN
interlaminaled ...... INTLAM
interstitial.....cceveren INTSTL
interval e INTVE
intraformational....... INTRM
INtrUSION e tereeeen iINTR
invetebrate ........... INVRTB
OGN v virnrerenereenrarsiassanis FE
iron Oxides......ccve. FE-OX
ronstone ..o veeveenns FE-ST
Irreguiar.. e iREG
iridescent ....cveereeienans IRID
J

2213 o1 R, JASP
FOIME voverreerrercemrvresiens JTD
FOINLNG v rrerereseeare J T3
JOINES e JTS
K

kaolin<dte ..o eeeeeeenene KAOL
L

laminated ......coocvieeeeees LAM
1271 o 7= SO LRG
lavender ... ecnieninns LAV
[F=172-1 SOUOUOOURRR I f 21
leached ...corveereamieens LCHD
[=T3 o T, LDG
lenticular vveervees LENT
032} SORURURTTUURTOR LT
gnite .ooereenrisiiinsiaens LIG
HMEestone ...vcvereeeerenares LS
imoniie eeeeeiene LMNT
MY vecicccncceneneenns LMY
NG cuvuieeiereererssrossranes LITH
fithographic ....c..eeeeee LITHG
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Field Sampling Report, Sauget Area 1

BUHIB vvveeree e mriare i LTL PBArlcci e FRL
o] 11+ POV LONG pebhle ...oriiinininns PBEL
SO QOSELSE pegmatite ....cccneverrnee PEG
IOWET coeereacrsernereenies LOW pelecypod ... PLCY
UMDY correeesicinrninrens LMPY peliet i PEL
HUSIEM v rneerinees LSTR permeability ............ PERM
petralBUM ..o PET
M phosphate .....c...cor PHOS
macro-fossit ....... MACFOS PHNK ceeverineraerernsnesenses PNK
magnelic e MAGN pinpaint porosity......... PPP
magnelite ......cevveeen MAG 31110 ] [11- TORURORY PISO
11T 4 FYORow ML 41111 DURR POV PIT
marlstone ... MRLST piaginclase......uoee PLAG
fE17:1¢0 Lo 2 VORPURURNIURIIN MAR plant fossifs ... PL FOS
MASBIVE . ccvcrrcerieiinnre MASS Hastt s PLAS
material...oiennnn MAT 012212 OO PLTY
(131117 SRR MTX (131117 SRS POL
MEXIMUm .ireenens MAX POOT. e cicmsssrranrrnsssrsssones PR
MEGIUN e enneeenens M porcelangous ... PORC
MEMbBEl . eereesersesinar MBR POFOSHY cenvervrerrenerens PCOR
melamorphic ........ METAM POPHYTY coccniraranns PORPH
FTHCA cvereesrrrereearnancereran MHC POSSIbIE. . e POS
MICACE0US..coverereenre MICAC pradominant............ PRED
microcrystalline ... MICXLN preserved e, PRES
micrafossil........... MICFOS PoLgi117:13) SOV PRIM
micrograined ......... MICGR prismatic .. overnreieens PRIS
micramicacecus......MMIC probably ...ccierneenes PROB
FHEEIE e reseneans MID prominent.....o.ecen PROM
mNeral oo snerenns MNRL Pos-1=10 s Lo DUNURORI PSDO
AU cevecicccirsiannae MIN DUMHB v rerrenseannaies PURP
TTHNOT cevcerensrormsrnsnneres MNR 137111 JOOTTUR o0 PYR
[ 1172111 - J O, MNUT pyrobitumen......... PYRBIT
Mogerale....coocremrrenenns MOD pyrociastic......... PYRCLAS
MOlUSSa..eecivricrenrees MOL
mottied ..o MOT Q
MUASIONe ...oiververere.. MDST o[V o v PP QT
MUSCOVIE...cvviirrnns MUSC QUANZIRE (v vieriines QTZT
quanzitic ...cmeees QTZTC
N QUARZOSE ..covvrereearaens QTis
NECTBOUS .oevreerniirranrnns NAC
(1T (111 RO NGD R
NUABIOUS coevinsrressaerns NUM [F=16 [F=11- SN RAD
(1= 13T 1= OO RNG
o = 1310 [o11 ¢ FOUOTUNUIUPRIR RAND
object e oBJ FAPE wovvrreereenrsarsassasssarenss RR
occasional. ... occ FE.erieesrrrrvanscmrrssssssnsnsnres R
el 11NN OCH regular. . e REG
LT [o] JOURNPUURURR ODOR FEMEINGS vvvecsssranenes RMN
O crmrneeenerreriarannnaes Oll replaced ....coomreesienens RPL
OHVE e s erneiscseens oLV residue ...oeerracrsr s RESD
(2T 111 { oI ooL resinous ..o vverisenns RSNB
OPBOUE ..ccviearrrsinesanrrae oPG rhombeohedral....... RHMB-L
OPPOSIE oo oPP FOCK eververerernnrrsessnessnrans RK
OTANG e veecenessnesronne ORNG FOUND..oeicnsnarnrirnares RND
OIANIC coverrirririrernsrens ORG rounded........ueririane RNDD
orthoclase ....o.eeee ORTH rubbly e RBLY
O8Irac0d cirncrnneeeens OSY TUSLY cecervrerarsstrsssassanes RST
oxidizad. .. carvmrirererinnes OX
s
P =T | GTUUUPOR SALT
5723 tod 11 SN PCHY saccharaidal............ SACC
91 11 SRR, PT SAMPIB 1evvrirrrerreranns SMFL
FaF:1 11121+ FUU PTG SANG coeivrrnrerrrenmrrssssnaane SD
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3. Field Activities iy Task

Sandstong ....c.eeeereeens 88
SANEY orererecniniinnens sDY
saturated .......ccreeeeene SAT
SCABS. e rrererriarenrarenas 5C
SEAMCE vavernvirrrnsresrevneren 8C8
scatterad......cveeenee SCAT
o 1111 SO SCH
scolecondonts......... SC0L
SECONUary ..o SEC
sediment ...vvecienns SED
selenite . SeL
SEHACIE oo ceeersiaarees SER
SEVEIE .orrrerrerirarrinrannaes SkEY
shale Wy e, SH,SHY
ST veevieeieivinrrnee SiD
SHCA e rrverr e siiresierraes SIL
SHICBOUS .ovvevciraaerenns SILIC
SIKY 1 eeerercerenrerranrenees SLKY
SHE cvvorevernereerereerecenaentes SLT
11353 (o711 SO SLTST
SIZE iivirrereicrrererasnerereness 52
slickensided......c.co.o.. SLKS
11+ 1 S, SL
SIBH coirir e irereresrenerenees s
111 a7l 1 DN SMTH
[T ]2 QU SFT
sOMUbIe e S0LB
SOON v SOoL
1o« SUOUUURISRNR . » & |
SPECK crecnrcrrrerirenerens SPCK
sphalerite ..., SPHAL
sphertes e, SPH
SPICUB.. oo reea i SPIC
SPENETY coovvrcereeninrennns SPL
SPONGE e ieeinas SPG
SPOTE . cvevreeraraneearmnsorse SPR
SPOL. e SP
SEAIM et eerar e STN
stained ... STND
SLAINING civvcereriennenns STNG
stippled .. STIF
SIat3. v ereer e STRAT
L3 E1=T 1 S TR
strigted ..ovreenrennn. SERI
SHINOB e reereraeses STRG
stromatoparoids ... STROM
strueture. e, STRUC
1371 ] 111 SN STYL
subangular........ SUBANG

subhedral........... SUBHED
EVToT101:1- MIIOR S 18 |

SUIDHUT e reerereie SULF
SUface ..oommreenrenens SURF
T

tabular...veeeenreenn TAB
=3 o {111 FOOOOOUN TEX
EECK 1o eeecerreecsareeeanes THK
111710 JAOUU RN THN
through... THRU
12 o1 SOOI T
tourmaline ......ceeens TOUR
{1271 SRS TR
transparent............ TRNSP
1o o1 L= U TRILO
tripOltic. e enrrnnes TRIP
10101 = TUB
1711 SOOI TUFF
u

unconformity ...... UNCONF
unconsolidated... UNCONS
(H e T S, upP
v

varable ..o VAR
varicolored .......e. VCOL
variegated.....ooueeeene VGTD
L'F: 1277-1+ JUo VRVD
\'1:11 1 J O VN
veriebrate............... VRTH
VEEY verivnrrrnnianees ieeenrsiranes v
VaSIGUIAI e cerreneees VES
VHFBOUS ..ovvereveererraeneaaens VIT
VOICANICS ovvveeiecnen VOLC
VU,QY ~UEE e VUG
w

71 - SO WTR
WAVY e verersrsnressienrinns WVY
WEXY.coneerceiisssinienssnes WXY
weather....c.cvvvnens WTHR
weathered ... WTHRD
WHIEE . vverirererreeesrans WH
WD warveerrerrreerresenecspeesns W/
Y

yelow. e YEL
Z

ZONE oiiccccrnea s snranrennss ZN
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Field Sampling Report, Sauget Area |

3.10.4. Documentation

Four change orders are included in Section 3.10.4.1. Field logs
generated are included in Record Book No. 1 {Appendix D). Figure |
depicts bedrock ground water sampling locations. Ground water
sampling logs are included in Section 3.10.4.3. Rock classification work
sheets are included in Section 3.10.4.4. A petrographic thin section
report is included in Section 3.10.4.5. Digital photographs of rock cores
are included in Section 3.10.4.6. Chain-of-custody forms are included in
Section 3.10.4.7.

Documentation for this task continues on the next page.
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GSI Job No. G-2876 GROUNDWATER
Issued: August 28, 2006 SERVICES, INC.

BEDROCK TRANSPORT EVALUATION

Sauget Area 1, Sauget and Cahokia, lllinois

ATTACHMENT J-2 — ROCK CLASSIFICATION WORKSHEETS

Rock Classification Worksheets
(Source: pages 145A-1 to 145A-75 from Volume 2 of Field Sampling
Report, O’Brien & Gere, September 2000)



Sauget Area 1
Rock Classification worksheet

Color:

Rock Quality: 5 » cf/ﬁﬂ/‘"i;' dlin

Porosity: IRt

}Beds: MH;MW—-'; ;@Lﬁu‘j)ﬁ —

Thickness; EQ@?M&/

Contact: Aigiesict — N
Foliation: WM T

Joints: 'é‘::é/’%’%z M‘ﬁzzn_ Lo & 2 ;2;.:'_#{2;‘:& Lo yAﬁL/LWDVL
4

Weathering: Wff P

Surface: 20l

Hardness: 218l 1 T 72 2L ,,5,-7! )

Texiure: _ ’

Grain Shape:

Sorting:

Mineral coglpo?xems:

Rock Classification: 7, , foonts

145A-1



Sauget Area 1
Rock Classification worksheet

: -4 /4 AL |

Rock Quality: et - L A2
Porosity: y2E
Beds: W_}'ﬁmﬂmz
Thickness: o Grrth i s
Cantact, Ll Tzl
Fohation. o

7
Joints:
Weathering: L Akl LT m

7, i
Surface: i
Hardness: A an i B res
7

Texwre: =2 L2 iy foe o e

- ( i S // oo
Grain Shape: il et -
Sorting: Lttt g el -

Mineral components: __ 2z, g cna s, A,E,;éa:/xwm (ot eits?
" 7

N S
Rock Classification: HArtd o FpsiS

145A-2



Sauget Area 1
Rcck Classification worksheet

Porosaﬁr-:: S 2

Beds: o _ & il ed
TR

Thickness: w//ﬂ 115

-

!
Contact: 7 if’:g 77
Fohation: ﬂé pec A

Joints: SNy L g d s A z,fu/ ®Z Y
(ot 'l " - .44... 3 . (7‘&
Pl o1 pinis, ,mw .
Westhermg it B o b el & S
7
Surface: YA —
— £ .
Haraness: e plenator 1D La et
Texture: crd el da /Am wi.;e Lrb o rr2can )
Grain Shape: nlceseded i 4,3{5,&;4:/4,/
ué—cz-ﬁmg: £ v M&éf:}; —
Mineral components: _#p 7 177 221 A iets raloidy |
Rock Classification: &,fmj v —

145A-3




Sauget Araag 1
Rock Classification workshest

e 1652~ J1f 53
t

|

i Colar

‘ w7
Rock Quality: Al st ? s dde sy o ~ ]
Porcsztyd:"—" — AL _E

Beds: #MM@ Yy
* i v

Thickness: 5.5 ds _

Contact: W
Foliation: z é( (el A

Joints:

% f
Weathering: ou b bl i [aaePire o
7

Surface: M

Haraness: m:éu/}:f}f &y %MAZ?
[Texure: nzfx&; fl.e,}w v M)aﬂw&/f——“

Gran Shape:  _ipedod L on Do A
Sorting: o BV g Lo T

!Mineral COMPONeUs: gz ¢ (}—ddz,w‘m/ -

Rock Classification: /7 o ze #en 5
[

i45A-4




Sauget Area 1
Rock Classification worksheet

Color:

Rock Quality: T A e

- J

Porosiy: Fia o
|Beds: _747&»44/\/‘ -»-m;—-qﬁ;-;,lé mediginn

vv———— T ——3t

Thickness: 5. 5ty

Comtact. Ay g e r s A )

Foliation: fﬂjM{jA/ J:_

Joints: Bl ,mm,&//; ?%mﬁjﬁ//{mﬂa r’ufj 4 //m&f’u&m
Weathering: e ] 2 s dtcifaiiea? toid o il

’2{2’/\.2{ . /)/:/"/!A’/y 14‘/1{__..; nz(f‘g‘»%’;/ ?;‘i?l.of "J{ - Ja.wc_«‘f‘“/";e.é/\}'
o/ s

Suriace: sal §, "~

Hardness: Ittt b Dot

Texwre: WA z O “z

/ : VY
Grain Shape: v X tn u bl o fedl

Sortng: Stlanded m

Mineral components: 4 /7, J-

e s—— i~ m—
Rock Classification: _ﬁw J

1454-3




Color

|

e D S —
Rock Quaiity:

s e i —

|

[Porostty: e
Beds: W el —
=

|
|

e ——

Thickness: A s Ty
Contact; .@ — .

Foliation: %&M‘

. - — - )
Joints: <Ll Lo L DS bRy Lo g
e PN 7 7 (
- 1 x
Weathering: 4??_
/
Surface: Y4 o -

Haraness: W o il

Texture: ,mw«;,«fw ¥ srucesl)

Grain Shape: 2 :, Z ;Z: :: 2:2 , ﬁﬁ';g,&'g Cnir il o
] )/ I

i —

b

Sorung: Loned? 2815 —
Minerai components; ., £~ ¢, - .

o

T —— e > T re———
Rock Classification: 27 .. b o)
v [

t45A-6




Sauget Area 1 o
Rock Classification worksheet
Moy e L‘-f )
Color;
) L . e

Rock Quality: Lot fhel?, dudtpi
Porosity:
Begs:
Thickness:;
Contact:
Foiiation:
Joints:
Weatherng:
Surface:
Haraness: bt T, £ Lpn?
Texture: 4%1/[,(,,; 2 ) el JMW

/ H .
Grain Shape: o ftd ot d ot Ao -
Sarting: e Y g 0i it .
Mineral components: B AL b ot fows fod
Rock Classification: Nz 3L TEIL S ~

-~

145A-T



;%

Sauget Area 1
Rock Classification worksheet

Cotor:

i ."7‘

i _li

Rock Quality: . ?w:ﬁ LGl 2

Porosity: jrfne.
e e =
Beds: bty ey, PN ot 2
Thickness: L eatedle ,
e Tt T a—
Contact: m
Foliation: Py
/ K
Joints: .-fd,-‘.‘laf;._. LB Al .; gt ' ‘- o A 5‘)

Weathering: T L fdrwr W 1t T 2> AL // -./EI’W.

Surface: f@&wjf
——— =! —
Hardness: UL 1T W fa S
Texture: N sy 7&. 2 7D i) Jma_rw-&/:/
i , /

Grain Shape: dudgpcie 1A 5¢'ﬁ £ gt:@,/,&,/

Sorting: frt et g T2/

Mineral components: 1 Y p

Rock Classification: o -

145A-8




[Sauget Area 1
Rock Classification workshesat

L7 < Qs 29 1,993 ~ 20,5 L
Calor: ‘ %?M 5;, A of

|

"ﬁMSck Cuality: A B e

Porosity: B NAban £ ~

Beds: __f‘QLM’\, ; gu,g/ O
3

Thickness: VEETYY f—ﬂuc/LF

iConract: Myt ot .
Fohation: /Q,/M»z, ; i /. 7 ; : .
(6 . :

Joints: j

Weathering:

Surface:

Hardness:

Texture:

Grain Shape; /A '3 y ’ Pt

’Somngi Dt e fef _
|Minerai components: -~ ¢ o, 377 2, i BT -

Rock Classification: Leant st tpis

145A-9




Sauget Area 1
Rock Classification worksheet
- A R -
) 7 > / Lo / f_; / . [_._1_4 oot

Calor;
_ L —

Rock Quality: Ly & T LEYVALLL B

prC’;‘E Vi N - ¥ B '
Beds: PRI —"1 = 7V _
Thickness: L. -7&,,@,35/41, — . T
[Contact e i A T

Foliation: 0 {‘Q 3 A -

Joints: - Ll Lo [V 4;/ Leir e
/
4]
b ! -

Weathering:
Surface:
s, R ———
Hardness: JAt L g 7, fy Lt
Texwre: /fz\/’-uj /J.«t{_.{‘ f2 ;:;;'41) Wﬂ.—b&l Bl s ,_',QHA,Z/;_{ o »
=77 A e 7
S 3 — - i e
Gran Shape: dtelagetindod D giibe seigedas -
‘ v
Sorting: tart. 2t ot

—

Mineral components: o2 7 ltzrg e Halid L /Mj/ﬁg Ligbezts” )
i 7

Rccmasssﬁcaticnt /}‘/-:/MML(’ )

145A-10




Sauge! Area 1
Rack Classification worksheat
’} - P
P _ . 2 — 2.7/ _
Calor: gl A e/
o ;} [} . i/’
Rock Quality: 2o, 79 4 47 ey
Porasity: Ol - -
e = e r—— e
Beds: Mﬁg&mﬂ_
Thickness: _2,,“5 J; -
Contact; Z Z_ijggf
Foliauon: m& e -
.
el
Joints: L ' Lo Lt
AL Apiy? - b
-7 T -
e
Weatnering: Pu i liads & o g 0l e 8ty a2 p) pad [ g b )
e Y P 7
£ s m—
Surface; a0 o
Hardness: Pl R Ll _
Texture: M/ tit B TV 1 bd A A pros Fotr Setbries H//L?a,ﬁﬁ%/_b z
/L J
Grain Shape: Mgtz bodl B ot sl
Sorng: 2 ate
(Minerai components: s ;ﬁ;’—j o Fe P m
Rock Classification: }MM B

145A-11




[Sauget Area 1
Rack Classification worksheat

Caior: /

[Rock Quality: 2 :: : f

f
Porosity: W/I«F‘%{ . _
Beds: o W
Thickness: K 5;:;\, T —
Contact; e tited -
Foliation: jg,_(é,%
Joiis: Hersgaaird aond 1oz Do trie Loceio
. -
{ -
IWeathering: A.Z;}b/ L v o /gl P>
Surface: __égz__,/ .
Hardness: - PP i %J{WF ]
Texture: ﬂ:‘:;;_, {:",5 P gmﬁgﬁ:_.ymfé/iy —
£ v . |
Grain Shape. tpsenl-d -
Sorng: L2tV sonded
|[Mineral components: Loanp Al p

[Rock Classification:

J%,{?ﬂ!d}ﬁ‘?'\.:f

145A-12




Sauget Area 1
Rock Classification workshee!

Xt s Qg 3 227/ /23y

[Color: 7{,-},1‘44@4
Rock Quality: 7y -
- /
-
Forosity: W 2o S
Beds: - 7,2&4/1/; 18Dt
Thickness: 9.5 o
Contact: Al —
Fotliation: Yy —
Joints: " ﬁﬁliww “Liretydy //&VLMM/ |
Z A
e 7 =
Weathering: Bl oA AT Mfuzﬁ:%d
Surface: o
Haroness: DALTr fED ) /zf; ]
Texiure; . - ; 4
, 3

Grain Shape: g le d/ Vo 7 e loprl) ‘

Sortng: Mm

Mineral components: A (s, uilgdy waec
[ s

Rock Class?f@ion: Hptse ot

1454-13




Sauget Area 1 - ]
Rock Classification worksheet
X g Sewy JIRA3//13 54
[Cotor: ,ﬁgﬂ-jf AL
U i
= —— H—— o e
Rock Quality: /Q/,V
Porosity: 17 gt i -
Beds: __— y ~ ,53,17 :ZE",_, N
—-ygﬁgw—umf = 3
Thickness: 3 D o el j —
sty re—— a— e,
[Contact; L

Folation: ‘7@&&,, -

Joints: Jg,;:g{; jflj,;/u; biea AT Mw -
-
Weathering: ZL. ;lﬁfﬁ £ 2‘% e wym -
Surface; Z;U T — T
Haroness: Iy Ha -
Texiure,; _;zm»;/ A ,{'JM“/)v‘zf zm@mj,w ) MX&/ /ﬁzv.zc/c"/ j
Aoy, ’7 v T /

= M//

Grain Shape: B gy oo Lo
Sartng: T 4l st

Minerat components:  , , 2.4

Rock Classification: eipetsos . —

45A-14



Sauget Area 1
Rock Classification warksheat

Color; )ﬁ;uc.c/
- y ;'j -
Rock Quahty: 7
Paorosity: LA w _

i h

Beds: g i o,

Thickness: 7.3 W VIR

Contact, ey - T

Faliation: Rl genrt

Joints; ;W./

Weathering: 7 et —
féé-fﬁdtéd,. : : >

Surface; SO S
mwegte oo
Hardness: P

TaxtJrﬁe: ﬁm%u;&!ﬂ/

Grain Shape; A

Soring: - mﬂ@ ) _

Minerai components: __

S

Rock Classification: o, oo Mty -

P

145A-15




Sauget Area 1
Rock Classification worksheet

|

l!

| Porosity: N

{Beds: eltran", el ,Mj
Thickness: 7.3 —

Sl S — o re—

Contact: f..‘: tliiad
Folaticn: 000 ad - o ]

/

— A
Joints: : " g

- 7

Weathering:
Surface:
Hargness:
Texture;
Grain Shape:

Fomng:

Mineral components: . 452 _  #
/
Rock Classification: /7 ..., dgn 2, .

145A-18




Sauget Area 1
Rock Classification worksheet

n

5T grein s JRY G4 128 43
Color: / P
u w rd

Rock Quality: Y o — N
| A

Porosity: )} jap e

Beds: M = S

Thickness: Y] e e — -

Caontact: - -

Foliation: /w

A

:
=
A

Joints: st teny 1o P s
W o / 7 f ‘

4 _
Weathering: %j L Lo o é‘._cgfzﬁ;y Fug)
< /s ; ,1/ /

Surface: VLA

o

Haraness: M’M P/ -
: /

Texiure: 7207 c}';fﬁmm 2

Grain Shape: T rerend, !} :’ ; —

Sorting: -:!'5&75?,7;'27' o

Mineral components: g, , 4z .12

Rock Classification: Ly uazfﬁwT_

145A-17




Sauget Area 1
Rock Classification worksheest

| Q,é," 52"1// ; : ¥

Color: [ A

v B
Rock Quaity: PR
7
4

Porosity: J2datl.
Beas: pltshn . AR, Fr—
7

Thickness: RS i ﬁ‘ /71 F Letllds

Contact: IR e

Foliation: lena
) &
Joints: _Hrxes fadc i
)
Weathering: Py o
Surface: W T
Haraness: Rl 1D Aol
Textre: 220 N,
J v
Gran Shape: gl ot

Soring: toe o t=F

|[Mineral components: .. —

Rock Classificanon: 7 PLLLPIE

145A-18



Sauget Area 1
Rock Classification workshest

i

rg‘gé X7 gutes /9 (25.3p 7 /25 UF
Color: w?qw

Rock Quaiity: kA

7
Porc;:c.lty: =}z,,¢¢-m_)‘ o
Beds: ZZ:{A.;J/I ’ é?é?}?-dt‘ %M/

Thickness: WELT

Contact: g T
Foliation: a_/j et .
-
Joints: WJ&@(MI - ]
s
Weathering: .ot bt psy—re ‘ -
Surface: W
Haraness: mmfv /{4;?7 -
Texture: %AA jmr,na/f&t -
[Grain Shape: M
Sorting: M—z’? T —

|Mineral components: .

Rock Classification: e g

145A-19




Sauget Area 1

Rock Classification warksheet

Color;
v/
IRack Quality: 7w
/
Porosity: AT — ]

Beds: e s —

Thickness: 274% el

{iContact: L TFon 2

Faliation: o lms

Joints:
Weathering: WAL Ys) //?:i,az -
4 ;'/ L4 ,7 /
Surface: ;p-{(, o N
Hardness: e WD
Texture: J ILLAA L) — _
Grain Shape: o - o —
Soring: e — o

|
|

Mineral components:

TH— i
Rock Classification: e ts 9D

145A-20




Sauget Area 1 -
Rock Classification worksheet

St 2T 2uie [ J35 ~4- 1256/
Color: -/ uMO”M—-uf

Rock Quality: o Lo T =
/
Porosiy: ol _ _ ]

oo = Rk
Beds: f&,ﬁ/m K, ST

Thickness: 75 ) i
Contact; oy ,g’g:,:;‘- T —W
Foliation: 2L g i o

7

Joints: A A -

Weathering: ,}—?1,7,, L s /M.g%(f#’

Surface: AN .
Hargness: Ml -m.z,‘_/"

Texture: 4 /}um y/bam/ Lk

Grain Shape: m
Sorting; — -

I

Mineral components:  #,,

Reock Classificaion: 4] .., Anvs 2

1454-21




Sauget Area 1
Rock Classification workshest
N W 26 138G7— 12032
Color: 7  r ey - )
¢ o ‘
Rock Quality: 12 ﬂm: o
7
?c_};osny: P e -
Beds: e /ilﬂ,am_zuv. N i

Thickness: G S i fr T %..

Contact: it T
Fohation: 12 dd gt ::j . — _
-

Joints: LG foiiing it . mﬁzj{« I -
Weathering: Leeleelod il i o

e
Surface: a:;éé,, ! %
{Haraness: i — e _
Texture; RO IRE T L § _
Grain Shape: B % —
1Saorting: —

{Mineral components:

> N ‘
Rock Classificaton: 4, = o et 3

143A-22



Sauget Area 1 T
Rock Classification worksheet
i u&'/ o /. 30 =1 A2
Color: g -
e
Rock Quality: ,{;,m_.- — —
- /
Porosity: — Lt A _
:Beds: Ol s e ; ‘QQJ‘-’\/ m
/ 7
Thickness: D25 M;VI -
Contact: et liziel
Foliation: g A —
7 -
Joints: ‘ L el Loy Lige Moo ;.’.M_
e A I
Weathering: vl gi) o F ) X [adimm _
- 7 " )
£ e —
Surface: oy
Haraness: SP2f = S aaed — il
Textura: ,4;;_»;7 SRt
-
Grain Shaps: — —
Sorung: - ~

Mineral components: r/is ./ i .z
& f

Rock Classiication: - &, doi.ir

145A-23



Sauget Area 1
Raock Classification workshest

g;’.‘/ 947/ Gy i c§7 /24,’22-—-/9&;76 _
Colar: @ EM?\M_;,

[Rock Quality: By
{
Porosity: st nd
{Eeds.' — Ola o A
1 7™
Thickness: o =y :—;— T ~
Contact; ol g et m
e e ﬁé
Foliation: A PP dn ' :
L ..
o L '4 = : ’
Joints: _"1&7,' Lellrf cndd 10 e T ) F f ilgr
Y] ' o o
Weathering: W‘N e e
A e,
Surface: YA
I ﬂ ég T e
Hardness: mj ? — P e
Texture: /ng_?() CAL AL L@Z
bj

Grain Shape: —

Sorung:

Mineral components; .

IRock Classification: ﬁzz o/ ==

145A.24




Sauget Area 1 -
Rock Classification worksheet
. “ A g 4

,go&'nf{ Eg_g_?-éla?cg/ . /3‘__4,-.'76:’ — /2. /7 (283 !}/"'551%]:“%
Color; Lecb oo i i
[Rock Quality: 4t w 1

7
Porosity: .
Beds: /PO Aeck

y 7
Thickness: . Nepro/ie s 3
Contact: PR Y? o
Fahation: .fgm_—

4

-~y ra 1 S—
Joints: Ll
: /
Weathering: s i v NI r P s AN
ks ‘ /5 !
——— e

Suriace: Lo, Lt

[Haraness: T gtrets T A

Texre: A4S AA T

Gramn Shap:;e?ﬁ ——

|

Sorting; -

Mineral components:  —

Rock Classification: /% ,,;? oen y o 4

1454-25



145A-26

réaugé“r‘;rea 1 )
Rock Classification worksheet
— g G
28,17 = /29.29

Color:

P A

Roc  Quality: Loai -

'l
Porasity: JigS N
Beds: Mx Ao s —
i

Thickness: [/ o) ,,qﬁ}_;_ —

Contact: ﬂﬁé’&?j — — —
Foliatian; Ny RN m _

7/
Joints: Aol v, [y A ;u@{; fots feliteos
v /72 // ' /7
Weathering: Al Kot o d dod of g Fman —
/
o L e T r——
Surface: ey
e — .."J.

Hardness: i ”

Texwre: D2tlA D el st pir it

:J

{Grain Shape: — — —
ISorting: -

Mineral components: BT Ay K T s i’i' —

/ . Edl
Rock Classiication: z; g Ao f — —
w i o=
; “') P
t N
- 5




Sauget Area 1

Color;

Rock Classification worksheet

Rock Quality:

Porosity;

,Seds:

Thickness:

Contact:

Faliation:

Joints:

Weathenng:

Surface:

Hardness:

Texture:

Grain Shape:

Sorting:

Mineral components:

e

ol

Rock Classiicatian: _Lesnei o ¢

et

145A-27




Sauget Area 1
Rock Classification worksheet

s i /3046 — ]30.82

Coior: LA cag iy
) S 7
Rock Quality: Lot ...__ m ]
/
I
Porasity: Mot

Beds: M

Thickness: 4, {7 o

Contact: ;@ b £

Foliation: Qﬁ;g ey
. [&

Joints: W Liry ]
y
Weathering: /M‘é’iw LT S Qm/d_e Y
F=F— 7
Surface; Sor L -
Haraness: i) ;75;'_}24(, e ' .
Texture: W ]
Grain ShaE?_ —
Sorting: N

iﬁﬁwerai components: g,

1454-28




-S-guget Area 1
Rock Classification worksheet

(Color: M W F
Rock Quality:

Porostty: HAe-nA - —"

Begs: /ﬂ.jgz/yu/! m .

Thickness: Q . "“'"2 {nitiz

Comtact: L e e
—— el -
Faliation: LD o et
. /
Joints: et g b s Dy
o v J
Weatnering: sl oot ot

Surface: et

Hardness: /ni;-_zi’ ‘v o/

Texture: [V o) AL 11 >, {m:__

Grain Shape: T e

Sorting: p— -

Mineral components:

Rock Classification: Cerrity Lo s

145A-29



ISauget Area 1
Rock Classification workshest

4 3¢/ ~/3/ 5/
Color, '
v
Rock Quality: Lo,
/
Porostity: LlSn b —
Beds: 0l ] W%;W
/
Thickness: s )
Contact ol n?
Faliation: QLo o
/
Joints: .éégj%&gézﬂ e casd [ ge P
pA—;
Weathering: 2l BF oF Trp L intPre
g ] .

Surface: 2ot 7 -

Hardness: el w’

Texture: m 34/) M/JM

Grain Shape: J——
| Soning; - S )

Mineral components: : =~ ; Lo C7 )

Aa.
Rock Classification: 2] .. ./ dam e -
T R 4

145A-30




Sauget Area 1
Rock Classification worksheet ;f'%? ff-

Puer #1>8

(Color:

111 = 1125 et G boer xip fondl ()

Porosity: fAmn A
Beds:
Thickness: - e
Contatt; . ey F e
I
Foliation: ) i Yz Dore !
’ @ A k- 3 [71 B ‘
- i y Y
Clav. e .’-:Ia._-l‘!".c"’l"h—a» -«a"zﬁ'_’%’_{’ Ai

—d 13 - %

n _;'-n“__.— € 7 J e
Joints; GHEY 141 D) lonss Hregaded 2ot odin ALl iciuls

R IRy L2A24 > AR by vhes g )
%. _:':'. -. reodend |‘l P O -
Weathering: farel '

Surface: Sl A5 sad) d%ﬁ,ﬁ T T, B
oot [12.S Lot By Z.

!Hardness: /1:,7 Al -

Texture:

Grain Shape: pategodyp (2.

5P e s'ucfr,:aébti‘rdrﬁ coinded o
_______,.___y‘evtv daggs Iy o

Sorting: M, 2ty et 5ol

Mineral components: 3"“5’.6 ;,7, b}a.c,t ,,La.,,f;fﬁumehfp,.rf) au,—-;‘l['t?, ruSsJa/v

M~ ok,

Rock Classification: 1 mes mfﬁ'/; so e sk !‘"’/{ g: <. 15
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Sauget Area 1 - g: £ /74
Rock Classification worksheet

| Color;

Rock GQuality:

Porosity:

Beds:

Thickness:

Contact:

Foliation:

Joints:

Weathering:

Surface:

Hardness:

Texture: ,wudj,(ﬂ,mgw 2y ﬁ il biach llm%)

Grain Shape: el 0.2 v an Dosd

Sorting: /Mg@ —

: cee 2 —
Mineral components: - ) . )

Rock Classification: .

145A-32




-

Sauget Area 1
Rock Classification worksheet

fer [0. 350 : (28 - ! |
Cdlor: A7 @é /i » ]
s 0 ri
Rock Quality: nd dd it
1F’orc:s'm,r: jrtin P
Beds: M{Zﬂﬂ s |
) 7
Thickness: e L2 e koo -

Contact; At b

Foliation: ﬁ_jw_, T

Joints: p . o 2
Acldrid A AL o2 Ay B LR, LA [ 7] 2
i ! v, W 0L PR LW VL o 4 S ‘u“ A

[

Weathering: mﬂﬁm%ﬂimw

Surface: PyYA

Hardness: Hand

Texture: L ;nu‘;dnmddff S, MM feda by
y : i ;i

Grain Shape; M

] i
Sorting: tret! i el

Mineral components: /g, e rn o of caluils? . domme. B

Rock Classification.  fi'smse Fltn g -
» .

145A-33




.Sauget Area 1
Rock Classification worksheet

* ;36 walle 407 J1d Sl — )77 5/
Color: mm_“_‘ e c Laddoray 15 < D

T N A= X ‘;?“3-"" 3/ ""‘ﬁﬁt—-{.—._m________“
Rock Quality: 14’14444.’ 2

Porasity: AP il -
Beds: N/ AL e &~ Zomie Dovig
/ M Sl / 7~

Thickness: 7“(, f o —
.W i it — —
Faliation; ?&tww o m«p? -
#
Joints;
Weathering: W}: ‘
Surface: et o . )

Hardness: @4; 7 -

/ retvrrrrre vttt
Grain Shape: Lece “é-f,;_ ot
Sorting: /Mgfj/}zml o

T p
o b, o A7 b1 i &

— — :
Ll Ly i 5 75 T o
Rock Classieaton:_Lugfant { s plis Hagiggkl aniuits o7 Zog stasazly/

Pbtnsar o2 le e el 77

145A-34



Sauget Area 1 é‘éﬁ L~
jRock Classificalion worksheet
0.7 L2/ 8] e~]18 R -
olor: y
4] Fad ]
Rock Quality: 'hm/'_;_ljj,w D
Porosity: " ;ZEM__,
——t
Beds: : Mf(m/
y t
Thickness: D25 rhta
Contact: A T -
Foiiation: A/
7 .
Joints: M breaf ]
Y
Weathering: _l_r,{u’;' g,{‘f};‘ ot M? [ tF B
; ‘ !
Surface: Fpb 1 T ]
Hardness:
Textzre:
#iGrain Shap;
Sorting: -
Mineral components; e
Rock Classification: r

el

145A-35

ZS’/Wm‘f




2k
|Sauget Area 1 é { At
Rock Classification worksheet

fietI3 225" 18 8 b /]G 0

gélor T L B, 7

o R R

ﬁECk Quality: i1 thfJ'Jx;v{)
F+

1

Beds: /ﬁmﬁm NIFD
Whickness: _&"szq-;:czj‘ 329 - ]
Contact: A N

Foliation: AL pt s Foiod
’/

/i
Joints: m
v

Weathering: Y
[#]
4 — e
Surface: St
Hardness: ant] T
[[Texture’ W —
— ¥l

g

Grain Shape: MJ

MW .

Mmeral components: 181 ¢

Rock Ciassification: _ﬁmﬁxb%

I

[45A-36




E_a__t-:gemreaf gﬂ -;C(
Rock Classification worksheet
o SO M Sk J14. 10 b s 1 20.3 1
for: bolid 10y WLl !
¥ P ,7'\( 7 B
Rock Quaiity: Irdded vt 2
Porosity: Sk ]
Beds: 7‘7‘,%, ) %M
Thickness: s W_,,&: - |
Contact: NAvdir F L
Foliation: St s t /]
ey | L2
Joints: 2 Fhlaes Loddls o
y { 7
Weathering: s A,é,,;e,z o~ h:la o fog) A A2
7 ’/ -
Surface: P Aﬂj
Hardness: éé rm.»-j
Texture: yr9rrv), MMM_,“Z/L_,
o
Grain Shape: Netiecnde et
Sorting: @ZVWW
{Mineral coﬁ?&nems: 1 - '-TI l///}” ol AL mafﬂ’m‘&ﬁjﬂ 7
74
TN (R 1 AT 0 S O W o B Wi B3
Rock Classification: ‘
o b

145A-37




Sauget Area 1
Rock Classification worksheet

iIRock Quality: AL LAl
f[Porosity: L APl . N
[Beds: - Zd ]
Thickness: 3. TS ey
Contact: ey peet )
. . —— S 4 * ﬂ
Foliation: %_WMW
Joints: ';!’7 T "~ |

Weathering: M £ jg_a,é&.m S—

|Surface: Adallf

Hardness: y I

Texture AL A ittt
Grain Shape: Attt et

Sorting: deell gt

Mineral components: Al 2144 JZ/ZJU %

Rock Classification: 77 g fps &

145A-38



Sauget Area 1
Rock Classification worksheet

5!-{4 H s ' oS, /20, 62—/ 1D
Color: “7/ ‘ % !

Rock Quality: Ve W2

Porosity: At P

Beds: - W V2N,
/7

Thickness: 2o Rl s

jiContact: /e 1 Lime 7

Foliation: aﬂ% 2 e

Joints: ST At d
a
Weathering: o oA 7‘277 ¥ 55%,.,,, .
Surface: ) M' T
Hardness; ndL s é 7 ém ;_;7
Texture: M,i M;;; e Los =
{Gram Shape: - p Z o -
?ﬂing: M , a7
Mineral components; i lritls | ag Abu M V2 )Mm

/

Rock Classification: Z:m/ oy
. '’

145A-39



Sauget Area 1 -
Rock Classification worksheet
N/ g3
Color:
o
Rock Quality: Jaa? 22T | -
Porosity: Jo i B - T ]
1._5_____..5&5: MA e YD 7
Thickness: 0. Ao o T )
Contact. e T -
Foliation: 7W ol Vw2 Yot ﬂ
6} 4
Joints: e, B ]
Waeathering: A dp? ol &z,mz:,ﬁ.-z,..,
Surface: _atid -
Hardness; &z‘:&'ﬁﬁ ‘az.. 77 _/Ca ; / B
Texture: oy o

Grain Shape; tinl s

Sorting:

Mineral components: :t‘ﬁa & ey P i
= "

Rock Classification:

/ Thd !rﬂm‘

E s P ¥

145A-40




Sauget Area 1 ;/-C’ Yl

Rock Classification worksheet

Color:

ﬁock Quality: M&/Z/ﬂf /}’]/2,7;4,7/&/
. ] / " .

Porosity: AVPIL.

Beds: pldap W NleBidinnr

Thickness: oy rya

Contact:

Foliation:

Joints:

Weathering:

Surface;

Margness:

Texture:

Grain Shape:
[Sortng: e Zogeeled

4
Mineral components: 2 Ll mw“pﬂ '

Rock Classification: 7/, zeddni

145A-41




Sauget Area 1
Rock Ciassification worksheat

[Rock Quality: i oxallact kit

Parasity: Al

Beds: flatdr s el
2 ,

Thickness: }5 5 . :';Eé,g; ]’
Contact;
Foliation:
Joints:
Weathering: o [k . Fry 4
prri i /
/ i
Surface: splt Al
Hardness:
Texture: MM PRI
Grain Shape: led For zudorsaectod

Sorting: Lead Z/M

_ P
Mineral components: _za, s o dbi leznal! Fldespel

Rock Classification: & 4304 Sonp..

145A-42




Sauget Area 1

Rock Classification worksheet o 1255

1_&& f7‘ Qepdls 2 O, //} wridecs @; §~/35,/)‘3'

Color.  / =2 V7

W@m«/

Porosity: f ISl — ‘ ]
Beds: %@M Y

Thickness: 7/ R _

Contact; (sl art

Foliation: 7&_(4_“44

Joints: B U g ared M}Jf lidetut g 71217
£ a4 4 !

Weathering:

Surface:

Hardness:

Texture:

Grain Shape: - W -
Sorting deelto Lo _

Mineral components: M A C::: ' éaﬁﬁ ﬁ!éﬁj

Rock Ciass:ﬁcanon

145A-43




Sauget Area 1
Rock Classification worksheet

Rock Quality: W LD EAL L .
- / L4

Parosity:

Beds:

Thickness D5 Benediat:

Contact: Aoearere

ll

Foliation: 3&&4‘%

Joints:

" e
" e W7 /m..a.‘ A A }

e b R A Pl s

Weathering: “p m.’ oy

1 o L LA Eodl e -y

gl e s s

Fi

Surfaca: AU

|

Hardness: Jsdetdde B Gan

Texture: Wﬁ

Grain Shape: Mp:;@/

Sorting L Fop o _

N

Mineral components:/éﬁggJ_m BNl Sadirbedl /{ ot
£

Rock Classification: Z i ,WW —

|

145A-44




Sauget Area 1 E \
Rock Classification worksheet - /.
j27.5) = 123499
Porosity:
Beds:
Thickness: /"1 75
Contact: Ao LET A
Foliation: f‘&‘/’
Joints: 7003 lodd toets Beriee, | 2 fpy [FE2 0440 F%
2 'l' ._4_-,.”, 2y <= A Al At ; ’ /'
“Weathering: ey, b A ﬂ Larix e YR AL ’4%&{/
”
Surface: el A
— K

[Hardness: P2 Fw Lao

Texture: W‘ ‘V‘M«’;{ﬁx} Y2 WL ZVP %l

Grain Shape: 7 s ? YL!

Sorting: an;/

iMineral componants: ; . 153 ,pwjf_? [t Al AW
7 % Wi 4

Rock Classification: £ 37 pedar, / _




Sauget Area 1 )
Rock Classification worksheet .
10 26899 - 125.9 1
*Colar; - ]
u i e
e . S
Rock Quality: M"f, LIl i
Porosity: AL B ]
Beds: nluren .-, = ~A e
7 I
Thickness: Lt {
Contact; A &.-.:-.._71 et —
s e S e T r—————

Foliation: _ptanug

Joints:

Weathering:

Surface: Ay

Hardness: ﬁﬁwym P70 X —
Texture: ﬁw} ‘H*:;/_’M ) rW;.;)

Grain Shape; WWMW
Sorting: ~ i llgalli?
Mineral components: 2./, (&

Rock Classification. DtonigAone

143A-46



-S—“—Euget Area 1

Rock Classification worksheet
129.91 - %64
. /-3Q Qg .-(/CL} gd/

Color:

;u.
8
£
£
[
-]

/
'1
|

|

Porosity: ot 4

Beds:

Thickness: £.75 O

Contact; it
Foliation: f%f T ]

Joints:

Weathering: W =

Surface: =l

|

Mardness: W Y

Texture: i ?ww -/‘m.w% m:/A)} m,(_.amdm'

Grain Shape: dﬂEE; Z é ﬁ; d::éu:m&/ o
Sorting: M

Mineral components. & e

Rock Classification: ﬂfw -

145A-47




|

Sa@et Areat
Rock Classification worksheet
] 30. of = 130

|

Porosity: Y,

Beds:

1 ﬁckness: ]
Contact: M A
| Foliation: E‘—' _..

ioints: oy Leond e freed i v
5 / /
Weathering: MZ",QMW :’Zd‘ o m{ A (//;[,, : J,jz‘,u./_/ .
S L e s
Surface: st

!

Hardness: WW ' 224/. 7

Texture; ' a:{_)j‘;d {ioa g 2d2) médédd;w__——_-
7 L]

Grain Shape: e Yy 4
Sorting: .....Z;z Yo B T

Mineral components:  #.Z. .4
iRock Classification: M,,/ —
-/

145A-48




Sauget Area 1

Rork Glassification worksheet
,Q,%, +t

577
— 1.8

Rock Quality: Lo i ,/z.uAZ?NL
Porosity: It
Beds: /./{..r.mru = YD VR
v = ;
Thickness: S Drvinhize ]
Contact: g donet”
Foliation, 1980 1 i . _“
Joints: b —m
Weathering: y 7

Surface: A
Hardness: brtdranli Wl

Texture: WJ'{;LMMIJA yd ;A/"
Grain Shape: bt e

Sorting: 2o llaon o _

Mineral components:

Rack Classtfication:  £7%y0 o 4 2 g

i,

145A-49




Sauget Area 1
Rock Classification worksheat

“-4'.__.__..__._.,_..._......"‘- _;_.' 4 ___
COior: A oA ;ﬂ,) Tl by -y 4 Lol ‘3
Ml  mr——— : rr— ‘:.,ll
IRock Quality: A
//
orosity: el Bt

Beds: [T Ry 5 / A =

Thickness: 7. 54y 57 ? Wz:

Contact: Aeiteze 7

Foliation: 74/4/@

v - A R - =
Jaints: -&za%famwﬁ;{ém?@ﬂ&/

Weathering: Lt £ o i —

-— ?
Surface:  SmALL
Hardness: Ined 4 Haae] -

i
Texture: %%/5/ St AP ,m)l:; azecie

[

Grain Shape: W ]
Sorung: PR AT v

Mineral components: M_,%&é AL s

Rock Classification: 2,1 rmziy

145A-50




e

Saug@t Area 1

Rock Classification worksheet

#i ~ s
. i A
Calor: Y/ =2
N> A7
Rock Quality: 20 -
/
jiPorosity: TRV _ _
Beds: //_?_Zl Ll . ?/‘;;;1 ;mﬂméﬁ“‘w
Thickness: O, 125 e y —
Contact, A =
Foliation: DA S itn
/
Joints: Ly pn FAS — T
vy

Weathering: ﬁm@, P o)

Surface: __;Q_,(;&‘;(‘ -

Hardness: il (7 -/14,‘.—;/# —
Texiure: ,jm —

Grain Shape. '};:474?:'11 +u ';MAﬂUMMlzx Lo
Soﬁ:?:g:_ ‘ /M«:ﬁuﬁ’/ —

Mineral components: W Hoioushlae s~
' [

Rock Classification: "

145A-5t




Sauget Area’ 1
Rock Classification worksheet

Rock Quality:

/- [a65, 5@%@%&& fez %ﬁfj /2

f’é,' it
7/

—_a

Porosity:

Beds:

Thickness:

&l

g

Contact:

Foliation:

lfJoinis:

Weathering:

Surface;

Hardness:

Texture:

Grain Shape:

Sorting:

Minerat components:

Rock Classification:

145A-52




Saugst Area 1

1Rock Classification warksheet

AL s Ot
T;}mj_—-_“_-h&'m"”':— —
Rock Quality: LAl s T 1010k g gt
Fi
Porosity: LT - .
IBeds: /M/JJJ{/’ M‘?MMLV-’ fz #&._.._-\_
Thickness: ﬁd, RG5 R el es “
" {Contact: I i s .
Faliation: e ol b
Joints: lex pq M poles Libicog n bl 2/
1’ /7 o/
thering: z ' gl ; n oz
Surface: 28l . _
Haraness: 12152 1 Padl— R
Texture: Aty Lo ) L 172080) Pldsieidiez.
Grain Shape: MMQ&WMQ
Sorting; L. .:4/424 ey o

Mineral companents: Daand . A0 T :/mzfmé el o L ]
— ot
Rock Classification: /575, ; z'!.!p e ‘

1454-53




Saugst Area 1
Rack Classification worksheet

%jﬁm&;mﬁo ha - 127 5¢

Colar: I s D
Lgligre i -

Rock Quality: Loaer jz f '
L E—
Porasity: Alen_ s
Beds: ;;’_)é’afq:n! bl
Thickness: G5t :: ULt e -

— r——1
Contact: Blezied
Faliation: 274 g _

/ -
Jaints: : : /s
t 12 ’ i
Wealneng, 0 /47 MM@_@;
/ ' - {
Surface: B _f-d-&—'p/ —
Hardness: N 1 d 27 ) Ll _
Texture: , J 24 7
____ _ 7

Grain Shape: ) Agpizeid g ( L2 Aoy b-d;‘z}x_g, A
Sonting: MZ’/,.@:}@"

Mineral components: MMMQM/ b T

Rock Classification: /7,79 £ Zggn ¢

145A-54




Sauget Area 1 27 ST-/775¢ /Cf'?/
Raock Classification workshest /

~

=y Mz;e 7 /27 58 - /2% 5

Color: Lot e 1
) ro ] A

Rock Quality: 2 oot ) .

Porosity: Ve _

Beds: fﬁd&!/t P %}L::ﬁ_. ]

Thickness:

Contact:

Foliation:

Joints:

ot
cod

Weathering: i 7 Y= A &xw 2T m;»-,zwmﬂ

D Dbt
Surface: Y i HT
Hardness: L i -
Texture. m{,ﬁ; /La.:j_ 42 /42(//1/:90{,1 ‘@;—ZZ-L_, e
Grain Shape: ubrtiido a‘rj,g:%.dﬂ/m m
Sorting: C_pl ety (=) m

Mineral compenents: %¢f 1 -~ [h,ﬁﬂ&,@ Aape s
v 7] /

Rock Classification: :74 oot -

145A-55



Sauget Area 1 )
Rock Classification worksheet

il

Calar: o
Rock Quality: @gb - o T
Porosity: 2t
= ettt ek — —
Thickness: 7 5?'_4,‘4& 7 — T ~ ]
Contact Nert Zoaer o

e e T ——— e —
Foliation: AL Boblgl

/R .

[Jaints: W fo dert ”%M
[} i

Weathering:
Surface: 4,94?,—1 - —
Hardness- TAA Lt f Hare -
Texturs: o /pp/m/ ' bA bpll L 20274 ,,/.q/A.,M L’;t—_y_:
Grain Shape: _gﬂ.&.},g“ E‘[g ,i' rom ﬂ_‘:ﬁé'%.u(m,fi—

- o
Sorting: wurl d? jon b

:'.:-..._,J'i

,Mineral components: 2_/_2 zz; m a%*gé ::7;“,_-/‘;,;

n

[Rock Ciassificaton: 77, (Ao

145A-36




Sauget Area 1 B |
Rock Classification worksheet
Color; "L odnd= oA ]
= o
[Rock Quaiity: Once £ —
Porosity: e -
= — ....... — < r—— s e
Sl R e
Thickness: F2.25 ke .
Contact: AU b ned {
[Foliation: %Mm
Joints: ' . : Nwre
7 7
Weathering: ,@;j 0 R e -
Surface:; '_,Z,,u}bp! B
Hardness: MM o Uit d
Texture; -W{?{J_.d ) I AND Gt L -
Eam Shape W
Sorting: 10l Ll e “
[Mineral components: W"
Rock Classificaton: A,,,ﬂ;,d@ ]
. ;

145A-37



Sauget Area 1
Rock Classification worksheet

l

Color: Y’ - VY
3
IIRock Quality: mw,- i h . A [
Porosity: gt
Beds: /W;M»z “2:-&"?: o At AE g
Thickness: 7: 1580 anil T ol

L

Contact; &(’g ZM'L&; )

{Foliation: ﬂ-{L;:ftw
/
v —— i e ———— o

Joints: Bl ionre ,ﬂ/afzsz.,?\ Dedeer /L, Zrpomey Joifes!
Fd d S
f .

Weathering: f‘m’”’@" o ftZin ] puiiee 2/

] 77 i

Surface: -s'rg,f/’ —

Hardness: e teats 72 T

Texture: Mm /uM} A9 Yl

Grain Shape: _ MMML.ZL&%‘ZM ]

Sorting: ‘ u—d Hozo e/ —

Minerai components: /e, ., /7.
rild

-

Rock Classification: 72 nzvfe o '—

145A-58



Saugst Area 1
Rock Classification workshest

LB T pe )z (30,75 /32 77
Calor: j _%ﬁz‘_
| P
Rock Quaiity: :ﬁ
Porosity: - Ly A
(/‘ e

Beds: 7&‘&,1!14! /944/%1/414,
. Vg
Thickness: E—W/, 4 /mj,u/ 1t
7

Contact: ols o ;ﬂ'ﬂ""wj -
Foliation: Bt h et — ,..__
5
Joints: "y y -
ozl padTvmn
Weathening: WJ/JG' AJ, L -ﬂ/rm L/a‘n,;-;,. /Z
dered 4
Surface: w::’,_d_,/ - W —
Hardness: M_uj-'zt./ fz)}%zf_'f . of',f 2 b cz s J/: ,}{’}-’/
sagip % £ e AR
Texture: M&Wﬁaﬂmfm
/

Grain Shape:
Sorting: (Lol et 5F

i 3
Mineral components: z {,,/i gs,,;

P
Rock Classification:  #; 117, Arr

o
3
by
EY
Al
‘-\\5\

it

145A-59




Sauget Area 1
Rock Classification worksheet
Pl

Color:

l[Rock Quality: P Pl 21' A —

q

R

;
n

Thickness: [Tl 2
! 7
M
Contact: __Qg{f,zzm .

Foliation: M oy 2l

Joints: abTad. /,m«?f z*[":“” Eufﬁ Zone

Weathering: M P f_ Y2 ”‘Qﬂ?‘é"v’ﬂ

R
Surface: A2 % _
Hardness: ’1{44‘;'}(6444‘1; ‘f? aa e -
Texture: rry. -9y, Z:"; e )"7,} ;/W-Lﬂj@.{.f; /; o
Gl :

(Grain Shape: Aecliraa i ded B ik gmm tg —

_ ‘ o
Sorting; Al o I m
Mineral components: ﬁ? ,c,q.r/ L — $
Rock Classification: Y/ 4445())"041_,_) . —

143A-60



'Saugez Arga 1
Rock Classification warksheat
Lel

T s i 3 7
Calor: s S/) AL/ ]
3 {
Rock Q_u;llty: R AARA 1,1;:7” _ ]
Porosity: Lipne -
Beds: f}};:, Loy 4.2}(’,{%,, — . O
| Thickness: —:[.zt:; T N
7/
Contact: N A o
Folation: '"fu; oyl .
[fome g LT T Tk e
A S AR —
Weathering: ,Q.ZjﬂaL_:/ﬂL -H?’J it mxf’ é?:zzw'
Surface: Y 5y A — .
Mardness: }}:,:,;;_:ZP. P Hots oS o ]
Texture: :_;)y//:..i,, 3 —
Grain Shape: T — —
Sarting: —-— - ]

*Mineral cormnponents:

Rock Classification:

’{A =M1‘7‘ﬂ' ?l:ﬁ';

143A-61




Sauget Area 1 -
Rock Classification worksheet

SHra a5 2997 )33 39

Color: Ha/
Ry & 4
Rack Quality: gxcedie t, ]
F’—{;FOSIWI - 2L .
Beds: P gt Jfg B
Thickness: 1P 5efeg
[Contact; (1l —
Foliation: Bl an g -
/ -
e v L e - : e
Joints: WF/ B o0l Jdpie 4 ntrl f«:ﬂ—oj; fteind Hevid o o
\ /7 i 4 L
Weathering: A DeAF 2T 19 dsee’ W ) 2L iy g gt
L i / /

s o B o . “
Surface: 2O | Gorni Leidor —paee 2 W#AZ%MQ:_
7 @

Hardness: Ty _;,/Ei‘/ S
Texture; yy {Jﬁ_ﬁ:%awbalj"j:— SaeS et
Grain Shapezﬁ__ dss .:Mfdz(:. — R

T — —

—
— S ——— e

Mineral components: ______

Rock Ciassification: :L/%W__

"

145A.62




Sauget Araa 1
Rock Classification workshest

/“ i X —
] ‘\ " “.T— ; —— j 2‘/ “} (?’ ﬂ__;i
Color. Cesrd- Ay
' 7
Rock Quality: D ar A T ]
T — rm— e .|
Porosity: by XA ;
Begs: LA 514 A v TP I ]
/ !
[Thickness _:]o‘z = mm:’;(’f,%, o ]
ry
Contact: Lhg Tt
Foliation: _;L{y AL g - %
0/ .
me—— s :. M
Joints: i Lt d ikt // oL Z,gﬁ- ;L._égc’,/bfi/ Leoeio
/ i o
Weathering: Dliohir Tl dwaféaxﬂ/ Loy aéfizaé‘e%:.\
£ e 7 7 i T/ ‘
Surface: St %
S ———— ——— _-“'—m%_—%-—m—_—-——_m._...____
Hargness: LA AT ) L, p
Texture: _gwfix?jw TN o g _
Grain Shape: A M{L{f;/
-Sno_m-ng: 2 2l ap1 7
Mineral compaonents:

Rock Classification: /4, r s A" -

143A-63




[Sauget Area 1 ) /774/_ Sm:-c'[ ~/ 557 oo
Rock Classification workshest !
'S L VTR, et
Al o ! l'?d e 7?5@«*\
Caolor : ’
Lot ]

ey - == S

Rock Quality: Latr g bEs LT

Porosity: Jroand — -

I o N
Bedas: Bt ot 21 , s liig g }

i T — —— e _......_......“'_‘Ii

Thickness: e

Contact; N

Foliation: B LEL AN -

v
Joints: 7,)%{ Megtngiod
'Weathermg: . Nkl . B D ;ig::;
” i }4

[Surface: e

Hardness: o el %/bo’ — w

Texture: DIVLANA S 27 ( p

g

Grain Shape: a8zt —

Sorting: WZ/ —

Mineral components: 7, 4, — o -

Rock Classification: 7. =, ..

145A-64




Sauget Area 1

Rock Classification worksheet

— /37 a#
Lopi ey, ,
<y
Rock Quality: e o7
[Porosity; 128 s
Beds: 2 A, 2 Lt
5 ,
= i r——— —w%%mw_—“%:_
Thickness: 1.2
Contact; __Q{,(:“[;;?
Foliation: PLd et sl .
Joints: | 7 T
/, "
Weathering: “ Trnd ) -
7
Surface: it o/ %
Hardness: 2ol P L, _
Texture: id s ) Tt sai e .
=

Grain Shapa:

7 p .
MJ/JI’.«LO—"J_ “//{{//1!‘/ ‘{7 A uﬂff&‘/AQ ’

o
Sorting: 428 Tz
[Mineral components: o

” {;}&b ﬁn d

[

145A-65




ISauget Arga 1
Rock Classification worksheet

—— .' . - P
SAIT 2.2 0 )37 vy iFT L %,
Calor: ' 7, , '
Rock Quality: Lt g (EscT,
Porosity: JlENS
Beds: - A i
/
Thickness: =y - i
Contact: N O tid it
Foliation; - /ff{{/wt_
Joints: Lt i i [/ @.%Zl,f;.__/ fodleid Bartss
- /‘ - ./ - v
Weathering: P 7= e an A 1/ gl (st £, 7]
VLt o b e ! 4
1A
Surface: =l
Hardness: oA B fhe
Texture; )LL) I#Adwié_v:’
[
Grain Shape: —stiadigrene e o iz sty
. [ :
Sorting: Linr &

Minerai components: (s (£,
I

Rock Classification: 4, - . F2af

p—

|

145A-66



Sauget Area 1 — A LA "a/—;"’ )
Rock Classification worksheet 167 ¢/ =/ 37' 5 c,/(/,
P!
- ==l
Coler:
Rock Quality: L s
Porosity: /18 s o
— e ——. S mre— =1
Beds: pflaed I ]
Vs
Thickness: EQ = — _
Contact. s A
Foliation: ]@gg A I .
J/
Joints: %ﬁm -
[ Weathering: Lhelitad tar (1o iFrse.
B> At VA '
Surface: YA -
Hardness: -t Zrewa
-
Texture: Pl ottty fari
>
(Gramn Shape: ./,’/1,/':4’// g‘fa/ k) by f 11.:5&44'14/
Sorting: st O o
Mineral companents: /. //%
-~
Rocﬁlassiﬁcazion: . T .
e et

145A.67




'Sauget Area 1
Rock Classification worksheet
4./
*éﬂ I , &/ "
Color: LoiP b e o
o 3]
. !
Rock Quality: Lot S F i A
Porosity: .00
Beds: Adaia i dbe, ; -
7 ‘
Thickness: ) N
!
Contact: ok 5T A §
Faliation: 3 13 W e Ahﬁ’;"f‘,—“ LN eetfl: i gspre o o
‘he dforr 7. S ey ary s
Joints: ﬂr’.au, ,43.;@’7&( £ a/uﬁ—mxz'_zp u =2 /’/'t-!ff/
P é&y ild
/ =
Weathering: Q:g/ (et Dorifa b i 83) Ln.t s o Sl P T “
Surface: 5 % oo BT Y AR
.}.1434/ S ‘f R J"E%f Al
L&.&&.é{&u}ﬂ e atcli
Hardness: I3t torapi 77 PP Ll

Texture: T S dr
WL BN L

v

"é_mrc-zin Shape: - R

([Sorting: A g L

Mineral components: 5 Lily o za [ngiliar, —1 S ootk . Ao gt
=T ’

J‘/‘!"Df d'__'.;"" : C ms i ——
Rock Classification. AR N

145A-68




Sauget Area 1 _
Rock Classification worksheet

ek
Color: _ T 1t s
.'J L=
M——m—%m—m—wum
Rock Quaiity: Exle gt /e, e+
Porosity: I
Beds: Rz , @Lﬂgf/&
/ {
e —— s
Thickness: D erredey —
Contact: oladmer —
Foliation: ﬂ,é'f/,y i . o - _u
/
Joints: @4.,,3&7,[4 2 c._/:; ad Pt -
v v :
Weathering: DAl T <o fan i T haiTon o
| / /

Surface: faemwfd%, o o v A LBy
: :

7

L5

Hardaness: B gl s 0P ey o g

I

Texture: ' LULAG oAt
. iy

Grai n%]ape:

Sorting:

Mineral components:

F f'—,—;n S tnogss Had. AL Aias e

-
N, X

4

j
Rock Classification: / 3% ..., ware

i

143A-69




Sauget Area 1.:—
Rock Classification worksheet

Color: oA g, _
7 T 7

Rock Quality: {fm/cz/j/, LT

Porosity: P A

Beds: 0 Ly sl
ra

iiThmknessTm $ T Benedt s "7~?]’K/ it
Contact: A e A
Foliaion: R
— : . $
= - R — e e =
Joints: MULTC LA o 7 Ar s oty L/ﬁ&%&u_.
adacd Ftip Lado 2k o [ ot Gl DA AT (s e
- / 4 7 7 /s
Weathering: ¢ . Rudd o opity A2 g e S
: - g / <
Surface: A Y
Hardness: Luif Fo dag o/
Texture: Fire -
Grain Shage: -
Sorting: e
Mineral components:  -— T

“
|

Rock Classification: /.. o /2 oo/

145A-70



Sauget Area 1 T o B

Rock Classification worksheet / C/ Z 3 — l [{C{ a /

Color: LrshF Crey

toLz § ;
Rock Quality: Lo ce £loy LT T
Porosity: s

Beds: } Mﬁ’f:;:;f/, ;quf? ;’ oL mmacf Qi.’;m;‘/ 7253 "/”
!—}é"f‘b-;') 2/"3’, L 7 /&kﬁ&/@&l%qg_{/‘} / '

Thickness: ;‘;/ﬂ S —
Cantact: AR —

Foliation: 1 f_,, H,"_T-‘_
/

- Repe—— — i e - = e - = s -

Joints: g/éﬁg, ;‘:%zf-:;x j/ sl 47 ,n/'qéia“x.s:j_aénn_/ &//L_( n_;ﬂré/(_hLLl‘f :
- . ¢
Weathering: SHhelt 2T dond g dast
L H

Surface: =014 b .
Hardness: }"52,431 L R
Texture: ! Ll dA s e tdi § .
Grain Shape: A i e m
Serting: it L

= L it
Mineral components: /7, Lz

|

Rock Classification: 27, g.?; i/

145A.71



Sauget Area 1
Rock Classification worksheet

S,‘ ¢
e .

Color:

ot P el
x L -
o — r———— = e—————
Raock Quality: AT ILS e T
. I
Porosity: L2805l
e — R
Beds: Aa ot 2 WNr i,
7 T )
Thickness: 55 P . i
Contact: il o
Foliation: 2L iien,
Joints: T Lob [iol deFe <t L fo T it )
) 7 7 Ty
Weathering: Wiw "7“?1.’ 1o btalFHian

Surface: Py

T — r]

Texture: W{g{

Grain Shape: = ALt Py

Mineral components: —

-
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Sauget Area 1
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GSI Job No. G-2876 GROUNDWATER
Issued: August 28, 2006 SERVICES, INC.

BEDROCK TRANSPORT EVALUATION

Sauget Area 1, Sauget and Cahokia, lllinois

ATTACHMENT J-3 — THIN SECTION ANALYSIS REPORTS

Reports of Thin Section Analysis from American Petrographic Services, Inc.
(Source: pages 147A-1 to 147A-21 from Volume 2 of Field Sampling
Report, O’Brien & Gere, September 2000)



AMERICAN
PETROGRAPHIC
SERVICES. INC.

July 13, 2000

(O’Brien & Gere Engineers, Inc.
12250 Weber Hill Road
St. Louis, MO 63127

Attn:  William Wright
Subj.: Solutia, Inc.
Sauget Area |
APS Job No. 10-01078

Dear Mr. Wright:

This letter presents the results of our observations made on 29 rock core samples. The scope of our
work was limited to visually documenting the relative porosity of the rock samples or selected areas
within the rock samples by thin section analysis. The samples were submitted by Mr. William
Wright of O’Brien & Gere, Inc. on June 5, 2000. Our work was authorized at that time.

Observations
Sample Lithology Porosity Comments

G, 1122 -112.46 | dolomitic limestone, biosparite moderate dolomitized throughout

G, 114.74-115.07 || limestone, pel-biosparite low well cemented

G.116.11-116.53 | limestone, oo-pel-biosparite low well cemented

G, 118.36-118.51 | limestone, oo-pel-biosparite high many stylolites

G, 120.56-120.89 | limestone, pel-biosparite low few scattered interfragment
pores

G, 122.41-122.71 limestone, biomicrite med-low dense, 2 thin stylolites

G, 124.17-124.46 || limestone, oo-pel-biosparite low dense

G, 126.79-127.13 || limestone, oo-pel-biosparite low dense

G, 128.42-128.73 | limestone, oo-pel-biosparite high concentrations of subparallel
stylolites

G, 130.80-131.10 || dolomitic limestone, biosparite | moderate | dolomitized zones throughout

147A-1
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Mr. Willham Wright

July 13, 2000

Page 2
Sample Lithology Porosity Comments
H, 111.83-112.19 | limestone, biosparite moderate | some sutured stylolites
H. 113.46-113.81 limestone, biosparite moderate some crude stylolites
H, 115.76-116.03 dolomitic limestone, high dolomitized throughout
H, 118.04-118.46 | calcitic dolostone, biosparite high dolomitized throughout
H, 119.87-120.29 { limestone, oo-pel-biosparite low dense sparite cement
H, 121.43-121.63 || limestone, biosparite moderate | some stylolite swarms
H, 122.5- 122.79 | limestone, biosparite mod-low | one stylolite swarm
H, 125.30-125.59 | limestone, oo-pel-biosparite mod-low | a few pores in drusy sparry
cavities
H, 128.99-129.39 | limestone, pel-biosparite moderate | some crude stylolites
H, 131.04-131.43 || limestone, biomicrite low dense micrite matrix
[, 127.54-127.92 limestone, pel-biosparite low dense sparite cement
[, 129.85-130.27 not received
I,131.27-131.55 limestone, pel-biosparite low dense sparite cement
[, 133.08-133.41 limestone, pel- biomicrite low dense micrite matrix
I, 134.59-135.01 limestone, oo-pel-biosparite low dense sparite cement
I,137.61-137.84 limestone, pel-biosparite low very dense and fine sparite
cement
[, 138.93-139.31 dolostone, micro sparite high large cavities throughout
I, 142.57-142.87 dolomitic limestone, high many lg. pores in dolomitized
biomicrite areas
[, 145.27-145.46 limestone, peimicrite low no visible porosity
I, 146.63-146.88 limestone, biomicrite low dense micrite matrix

147A-2




Mr. William Wright
July 13, 2000
Page 3

Procedures

Thin section analysis was performed in accordance with APS Standard Operating Procedure 00 LAB
016, “Preparation of Thin Sections for Petrographic Analysis, APS Method™. The selected sections
of the core samples are first highly polished, then epoxied to a glass slide. The excess sample is cut
from the glass and the slide is polished until the material reaches 25 microns or less in thickness.
The resulting samples were reviewed under a petrographic microscope at magnifications up to
1000x. Our conclusions are based on the work performed, our observations, and experience.
Laboratory testing was performed on June 13, 2000 and subsequent dates. Photos are included to
illustrate our conclusions and observations.

Remarks

The core samples will be retained for a period of at least thirty days from the date of this report.
Unless further instructions are received by that time, the sample may be discarded. The geologic
services for this project have been conducted in a manner consistent with that level of care and
skill exercised by members of the profession currently practicing in this area under similar budget
and time constraints. No warranty, express or implied, is made.

If I can be of further assistance to you, please contact me at (651) 659-1346.

Report Prepared By:

Vice Pre3id Gaold
MN License #30023
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APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, [nc.
Sauget Area |

SAMPLE [DENTIFICATION: G112.2 -112.46 SAMPLE DESCRIPTION: Dolomitic limestone. Euhedral dolomite rhombs

in finer calcite matrix. Some of the black (extinct) areas are voidspace; under
TAGNIFICATTION: 200x cross polarized light.

&

SAMPLE [DENTIFICATION: G,114.74-115.07 SAMPLE DESCRIPTION: Relatively dense pel-biosparite. Drusy sparite cement
and syntaxial calcite growth around echinoderm fragments fill intergranular space

MAGNIFICATION: 40x cross polarized light

147A-4




APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, [nc.
Sauget Area |

SAMPLE [DENTIFICATION: G,116.11 -116.53 SAMPLE DESCRIPTION: Oo-pel-biosparite. Drusy sparite cement fills

intergranular spaces. cross polarized light.
TAGNIFICATION:

G,118.36-118.51 SAMPLE DESCRIPTION: Stylolites; appearing as
the oo-pel-biosparite. cross polarized light

SAMPLE [DENTIFICATION: black sutured voidspaces in

MAGNIFICATION: 40x

147A-5




APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, [nc.
Sauget Area |

i
- R Y. | iR s

SAMPLE [DENTIFICATION: G,120.56 -120.89 SAMPLE DESCRIPTION: Pel-biosparite. Drusy sparite cement fills

intergranular spaces. cross polarized light.
.MAGN[F[CA’I‘[ON: 40x

G,122.41-122,71 SAMPLE DESCRIPTION: Stylolite, sutured white voidspaces in the fine
micrite matrix. plane polarized light

y

(e -
. | i

SAMPLE [DENTIFICATION:
MAGNIFICATION: 100x
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APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, Inc.
Sauget Area 1

Gt

AT A T
SAMPLE [DENTIFICATION: G,124.17 -1

24.46 SAMPLE DESCRIPTION: Qo-pel-biosparite. Drusy sparite cement fills

intergranular spaces. plane polarized light.
.[AGN[F[CAT[ON: 100x

intergranular spaces. cross polarized light.

MAGNIFICATION: 100x
147A-7




APSH 10-01078
PROJECT: Solutia, Inc.
Sauget Area |

G, 128.42

40x

MAGNIFICATION: 100x

DATE: JULY 12, 2000

P Y g , B S
-128.73 SAMPLE DESCRIPTION: Oo-pel-biosparite. Concentrations of crude stylolite
voidspace. cross polarized light.

-131.10 SAMPLE DESCRIPTION: Dolomitic limestone. Fine, euhedral dolomite
rhombs occur throughout. Moderate porosity. cross polarized light.
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APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, [nc.
Sauget Area |

~

H,111.83-112.19 SAMPLE DESCRIPTION: Biosparite. Sutured stylolite voidspace in black
under cross polarized light.

40x

SAMPLE [DENTIFICATION: H,113.46-113.81 SAMPLE DESCRIPTION: Biosparite. Crude stylolite voidspace in black
under cross polarized light.
MAGNIFICATION: 40x

147A-9




APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, Inc.
Sauget Area |

200x

SAMPLE IDENTIFICATION: H,118.04-118.46 SAMPLE DESCRIPTION: Calcitic dolostone. Porespaces noted by blue
arrows. plane polarized light.
MAGNIFICATION: 200x

147A-10




APSH 10-01078 DATE: JULY 12, 2000
PROJIECT: Solutia, [ne.
Sauget Area |

SAMPLE [DENTIFICATION: H,121.43-121.63 SAMPLE DESCRIPTION: Biosparite. Stylolite voidspaces noted by blue
arrows. cross polarized light.
MAGNIFICATION: 100x

147A-11




APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, [nc.
Sauget Area |

'th"”,“ o 3 ¥ . Mo "i;‘;

s

SAMPLE [DENTIFICATION: H,122.5-122.79 SAMPLE DESCRIPTION: Biosparite. Dense sparite

fragments. plane polarized light.
.IAGN[F[CAT[ON: 100x

cement

v Y

25.59 SAMPLE DESCRIPTION: Oo-pel-biosparite. Porespace in drusy sparite
cement. cross polarized light.

| SAMPLE [DENTIFICATION: H,125.30-1

MAGNIFICATION: 100x
147A-12




APSH 10-01078 DATLE:
PROJECT: Solutia, [nc.
Sauget Area |

1}

: [
A Yol Ko,

¥y leni

SAMPLE [DENTI

AGNIFICATTION: 100x

e f

SAMPLE [DENTIFICATION: H,131.04-131.43 SAMPLE DESCRIPTION: Biomicrite.
light.

/)

MAGNIFICATION: 100x

147A-13

JULY 12, 2000

FICATION: H,128.99-129.39 SAMPLE DESCRIPTION: Pel-biosparite. Syntaxial sparite cement growth
around echinoderm fragment (center). cross polarized light.




APSH 10-01078 DATE: JULY 12, 2000
PROIJECT: Solutia, Inc.
Sauget Area |

X
A (U " ya b »
(22 Wi\ 4 o

SAMPLE DESCRIPTION: Pel-biosparite. Syntaxial sparite cement growth
around echinoderm fragment (center). cross polarized light.

3 3
N

SAMPLE [DENTIFICATION: [,127.54-127.92

'[AGN[F[CAT[ON: 100x

. SAMPLE [DENTIFICATION: [,131.27-131.55 SAMPLE DESCRIPTION: Pel-biosparite. Dense sparite cement. cross
polarized light.
MAGNIFICATION: 40x

147A-14




APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, Inc.
Sauget Arca |

A

<
o v
o _‘_11”_ Vi

UINY

1 X o
I ¢ Py
g oL vl At i3 i

SAMPLE IDENTIFICATION: [,133.08-133.41 SAMPLE DESCRIPTION: Pel-biomicrite. Fossil fragments in a dense micrite

TAGNIFICATION: 200x

# ':

Dense sparite cement. cross

SAMPLE IDENTIFICATION: [,134.59-135.01 SAMPLE DESCRIPTION: Oo-pel-biosparite.
polarized light.

5

MAGNIFICATION: 100x
147A-15




APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, Inc.
Sauget Area |

S R ‘ | .
SAMPLE IDENTIFICATION: ,137.61-137.84 SAMPLE DESCRIPTION: Pel-biosparite. Dense sparite cement under cross
polarized light.
.V{AGNIF[CATION: 100x

|

SAMPLE IDENTIFICATTON: [,138.93-139.31 SAMPLE DESCRIPTION: Micro-sparite with many voidspaces which appear
black under cross polarized light.
MAGNIFICATION: 100x

147A-16




APSH 10-01078 DATE: JULY 12, 2000
Solutia, [nc.
Sauget Area |

[,145.27-145.46 SAMPLE N: Pelmicrite under cross polarized light. Some gray
colored quartz silt was present. No visable porosity.

MAGNIFICATION: 200x
147A-17




APSH 10-01078 DATE: JULY 12, 2000
PROJECT: Solutia, [nc.
Sauget Area |

SAMPLE [DENTIFICATION: [,146.63-146.88 SAMPLE DESCRIPTION: Biomicrite. Dense micrite matrix under cross

polarized light.
100x

.vLAGNIFICATION:

147A-18



AMERICAN
PETROGRAPHIC
SERVICES, INC.

October 12, 2000

O’Brien & Gere Engineers, Inc.
12250 Weber Hill Road
St. Louis, MO 63127

Attn:  William Wright

Subj.: Solutia, Inc
Sauget Area 1
APS Job No. 10-01262

Dear Mr. Wright:

This letter presents the results of our observation made on one rock core samples. The scope of our
work was limited to visually documenting the relative porosity of the selected area within the rock
sample by thin section analysis. The sample was submitted by Mr. William Wright of O’Brien &
Gere, Inc. on September 26, 2000. Our work was authorized at that time.

Observations
Sample Lithology Porosity Comments
I, 129.85-130.27 | Pel - bio sparite Low Dense, drusy sparite cement, syntaxial
cement growth surrounds fossil fragments
Procedures

Thin section analysis was performed in accordance with APS Standard Operating Procedure 00 LAB
016, “Preparation of Thin Sections for Petrographic Analysis, APS Method”. The selected sections
of the core samples are first highly polished, then epoxied to a glass slide. The excess sample is cut
from the glass and the slide is polished until the material reaches 25 microns or less in thickness.
The resulting samples were reviewed under a petrographic microscope at magnifications up to
1000x. Our conclusions are based on the work performed, our observations, and experience.
Laboratory testing was performed on October 2, 2000 and subsequent dates. Photos are included
to illustrate our conclusions and observations.

147A-19
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Mr. William Wright
October 12, 2000
Page 2

Remarks
The core sample will be retained for a period of at least thirty days from the date of this report.
Unless further instructions are received by that time, the sample may be discarded. The geologic

services for this project have been conducted in a manner consistent with that level of care and
skill exercised by members of the profession currently practicing in this area under similar budget
and time constraints. No warranty, express or implied, is made.

If I can be of further assistance to you, please contact Gerard Moulzolf at (651) 659-1346.

Repqrt Prepared By.
Gerard Motlzol A:

Vice Presiderit/GeologistAPetrographer
MN License #300
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APSH 10-01262 DATE: OCTOBER 12, 2000
PROJECT: Solutia, Inc.
Sauget Area |

28, o

4

[129.85-130.27 SAMPLE DESCRIPTION: Pel - bio sparite. A thin section under plane

polarized light
.IAGNIF[CAT[ON: 40x

SAMPLE [DENTIFICATION:

\

a v

[129.85-130.27 SAMPLE DESCRIPT[ON: Coarser sparite cement and syntaxial sparite
cement fill voids between peloids and fossil fragments. Cross polarized light

¥ ™

SAMPLE IDENTIFICATION:

MAGNIFICATION: 100x
147A-21






